This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 
to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 
to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 
are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  marginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 
publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  this  resource,  we  have  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 

We  also  ask  that  you: 

+  Make  non- commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  from  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attribution  The  Google  "watermark"  you  see  on  each  file  is  essential  for  informing  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liability  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.  Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 


at|http  :  //books  .  google  .  com/ 


TEXT-BOOK 

OP 

GENEEAL  PATHOLOGY  AND  PATHOLOGICAL 
ANATOMY 


".^•;V' 


TEXT-BOOK 


OF 


GENEEAL   PATHOLOGY 


AND 


PATHOLOGICAL  ANATOMY 


BY 

RICHARD   THOMA 

PBOPISSOU  or  OEXERAL  PATHOIjOGY  AND  FATHOLOQICAL  ANAT«')XY   IS  THK   rNIVERSITY  OF   1>0BPAT 


TRANSLATED  BY 

ALEXANDER  BRUCE,  M.A,  M.D.,  F.R.C.P.E.,  F.R.C.S.E. 

LECTUREB  OS  PATHOLOGY,  8VRGEONS'   HALL,   EUlNHrROH  ;   PATIIOLOOIST  TO  THE  Rf>VAL  HOSPITAL 

FOH  SICK  CHILDREN  ;  AS8ISTANT  PHYSICIAN'   AND  >'OR>IERI.Y   PATIIOLOGIin- 

TO  THE   ROYAL  INFIRMARY,   KDINIU'RGH 


VOLUME    I 
WITH  436   ILLUSTRATIONS 


LONDON 
ADAM  AND  CHARLES  BLACK 

1896 


TO 


3ultu0  9rnolIi 


PB0FBS80B  OP  GKNSRAL  PATHOLOOT   AKD   PATHOLOGICAL  ANATOMY 
IN  HKIDELBBRa 

THIS   WORK   IB    DEDICATED 

AS   A   TOKEN   OF    RESPECT   AND   GRATITUDE 
BY 

THE  AUTHOR 


AUTHOR'S  PREFACE 


The  desire  to  present  the  whole  subject  of  Pathology  to  my  students 
in  a  form  which  would  supplement  my  lectures  and  also  be  suitable  for 
private  study,  has  led  me  to  publish  this  work.  As  I  have  now  decided, 
for  political  reasons,  to  give  up  my  position  as  teacher  in  this  University, 
this  book  will,  at  the  same  time,  be  the  conclusion  of  my  work  in  this 
school- 

The  research  and  work  whicb  are  given  in  detail  here  were  partly 
begun  in  Heidelberg,  where  for  twelve  years  I  acted  as  first  assistant 
to  J.  Arnold.  It  was  he  who  suggested  that  the  subject  of  circulatory 
disturbances  ought  to  be  more  fully  investigated,  and  part  of  my  work 
on  this  subject,  published  in  various  journals,  was  done  under  his 
direction.  Many  of  the  opinions  expressed  here  are  therefore  derived 
from  him.  He  has  done  brilliant  work  in  this  line,  and  in  dedicating 
this  book  to  my  teacher,  I  merely  attempt  to  give  expression  to  my 
very  deep  gratitude  to  liim. 

Since  that  time  I  have  worked  independently  in  Dorpat  for  ten  years, 
and  have  found  a  number  of  younger  workers  who  have  materially  aided 
me  in  the  elucidation  of  many  problems.  Their  work,  which  was 
often  arduous  and  occupied  much  of  their  time,  deserves  the  fullest 
recognition. 

Tlie  profusion  of  plates  and  illustrations  with  which  the  book  is 
provided  is  due  to  the  kind  co-operation  of  the  publisher,  Herr  Enke, 
Most  of  the  drawings  are  original,  taken  from  preparations  made  by 
myself  in  Heidelberg  and  in  Dorpat,  In  addition  to  those  a  considerable 
number  of  preparations,  chiefly  malformations,  have  been  reproduced, 
the  material  for  which  was  collected  by  my  predecessor  in  this  school. 
Professor  Arthur  Bottcher, 

Some  of  the  illustrations  have  been  obtained  by  the  kind  assistance 
of  two  talented  artists,  Herr  K.  v.  zxir  Mtihler  and  Herr  E.  Sacksand 
I  gladly  take  this  opportunity  of  thanking  them  for  the  care  and  fidelity 
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with  which  they  carried  out  their  tasks,  which  were  at  times  extremely 
difficult  The  microscopic  drawings  have  been  almost  exclusively  done 
by  myself,  mostly  with  the  help  of  the  camera  lucida.  Some  of  the 
illustrations  have  been  copied  from  other  works  by  the  kind  permission 
of  the  authors,  and  in  every  case  the  source  has  been  acknowledged. 
There  is,  at  present,  no  lack  of  text-books  on  general  and  special 
pathology.  Notwithstanding  this,  I  hope  that  this  work  will  make  some 
contribution  to  the  further  development  of  this  science.  Since  the 
beginning  of  my  career  I  have  endeavoured  to  investigate  the  mechanical 
laws  which  govern  pathological  processes,  and  accordingly  have  spent 
much  time  in  the  preliminary  study  of  mechanics  and  mathematics. 
The  results  obtained  are  certainly  meagre  enough,  but  may  be  not 
unwelcome  to  many  readers. 

THE  AUTHOR. 

DoEPAT,  2l8t  February  1894. 
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INTRODUCTION 


Pathoujgy  is  the  science  which  treats  of  disease.  Its  cultivation  dates  back 
to  the  time  of  the  moat  ancient  civilised  nations ;  but,  notwithstanding  this, 
its  progress  constantly  meets  with  fresh  diflSculties  even  at  the  present  day. 
These  are  to  be  accounted  for,  partly  by  the  extraordinary  mnltipHcity  of 
pathological  conditions,  partly  by  the  fact  that  the  process  wo  call  "  Life  "  is 
as  yet,  to  a  great  extent,  incomprehensible.  It  is  thus  easily  understood 
why  the  investigation  of  disturbances  of  the  vital  processes  should  bo  met  by 
most  difficult  problems  at  every  step. 

The  attempt  has  been  repeatedly  made,  l>oth  by  physiologists  and  by 
pathologists,  to  obviate  these  ditficultiee  by  stating  that  the  vital  processes  in 
their  most  essential  jwints  were  beyond  our  comprehension.  Investigation 
thus  came  to  be  confined  to  the  description  and  explanation  of  the  purely 
external  aspects  of  biological  phenomena.  Of  coorse  many  an  investigator  who 
has  devoted  himself  for  years  to  the  study  of  the  vital  processes  is  still  com- 
I^elled  to  acknowledge  his  ignorance.  But  those  views  with  regard  to  the 
ultimate  nature  of  life  which  held  that  this  ignorance  cannot  be  dispelled,  can 
in  no  way  satisfy  the  scientific  spirit.  The  effort  to  explain  this  subject  will 
be  continually  renewed  till  the  goal  is  reached,  and  the  essential  nature  of 
the  vital  processes  revealed.  It  is  uncertain  whether  this  result  will  be  attained 
more  easily  through  physiology  or  through  pathology,  or  whether  anatomical, 
chemical,  or  physical  methods  would  most  quickly  bring  us  to  our  end.  ThiB 
much,  however,  is  certain,  that  the  striving  of  the  human  mind  will  not  be 
allowed  to  rest  until  the  veil  has  been  drawn  from  the  secrets  of  organic  nature. 

Since  the  inductive  method  became  the  ruling  power  in  pathology  as  in  the 
other  natural  sciences,  it  has  also  begun  to  contribute  to  the  explanation  and 
answer  of  those  general  biological  <|uestions-  It  has  further  been  the  means 
of  collecting  an  important  store  of  valuable  observations  which  have  not  only 
made  the  causes  and  course  of  pathological  processes  more  intelligible,  but 
have  also  materially  added  to  the  success  of  medical  treatment. 

If  the  means  available  for  the  scientific  study  of  pathology  be  examined, 
it  will  be  found  that  these  are  divided  into  two  methods,  the  individiuilisituj  and 
the  generalising  methods  of  investigation. 

The  ijulwuhialising  vuihoil  of  inr^sUtjdtwn  in  pathology  starts  from  the  con- 
sideration and  comparison  of  single  pathological  cases.  These  are  examined  by 
the  sick-bed  and  on  the  fodviortem  table ;  and  the  aid  of  pathological  experi- 
ment is  often  called  in  to  elucidate  doubtful  questions.  In  this  method, 
etiological  relations  of  the  phenomena  are  inferred  from  the  order  in  which 
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they  occur,  and  from  their  relative  posifcion.  lb  will  be  easily  understood 
that  errors  may  occur  liere  if  all  the  conditions  which  preceded  the  result  are 
not  taken  into  consideration.  In  the  highly  develoi>ed  structure  of  the  human 
body  those  conditions  are  ao  numerous,  as  a  rule,  that  it  is  a  difficult  matter 
to  estimate  them  all  exat:tly.  Pathological  processes  can,  of  course^  be  only 
thoroughly  understood  by  examining  the  meaning  of  each  individual  morbid 
condition.  This  occurs  practically  when  we  observe  the  result  produced  by  the 
variation  of  each  individual  condition. 

The  conditions  can  be  varied  at  will  by  experiment,  and  a  relatively  high 
degree  of  certainty  is  thus  given  to  the  conclusions  deduced.  By  the  sick-l>ed 
or  at  the  posi-Jiwrkni  table,  however,  the  conditions  are  more  difficult.  Volun- 
tary interference  is  here  often  inadmissible  or  impossible.  The  variation 
of  the  conditions  occurs  in  those  cases  independently  of  the  observer,  who 
has  afterwards  to  discover  the  laws  of  relationship  in  the  individual  patho- 
logical cases  by  critical  comparison  of  their  many  points  of  harmony  or  differ- 
ence. 

This  method  of  investigation,  notwithstanding  its  arduous  character, 
has,  in  the  course  of  time,  yielded  very  valuable  results.  To  it  we  owe  the 
greater  part  of  medical  knowledge,  and  it  has  often  been  the  means  of  throwing 
light  on  the  causes  of  the  various  diseases.  It  has  also  yielded  a  general  law 
of  the  greatest  value,  namely,  that  there  are  no  fundammtal  or  far-rmcking 
differences  between  normal,  physiolofjiral  processes  and  viorhid,  pithnlogiail  processes  in 
the  organism.  The  same  chemical  and  physical  laws  which  determine  the  course  of 
pktjsiohgical  functions  also  govern,  pathological  processes.  This  law  can  also  be 
expressed  in  a  positive  form.  All  experience  proves  that  processes  that  are 
esaenliallt/  puthologicul  differ  merely  quantitaticdy  from  phpswlogical  processes.  The 
diseased  organism,  organ,  or  tissue  shows  an  increase  or  diminution  in  function 
or  bulk,  and  a  multiplication  or  lessening  of  its  histological  or  chemical 
constituents.  It  may  happen,  also,  that  a  process,  otherwise  physiological;  occurs 
at  an  unusual  time  or  place.  By  this  means  the  appearance  of  qualitative 
difference  may  be  caused,  but  with  the  progress  of  investigation,  the  qualitative 
agreement  and  the  quantitative  difference  between  the  appearances  in  the 
healthy  and  diseased  organism  become  more  apparent.  It  is  true  that  many 
physiological  processes  have  been  called  heterologous  and  heteronomous,  but 
these  are  only  terms  of  relative  value,  which  point  out  that  the  deviations 
from  normal  are  somewhat  more  considerable  than  usual.  From  their  nature 
all  pathological  phenomena  must  he  described  as  homologous,  inasmuch  as  they 
are  obedient  to  the  laws  which  govern  physiological  processes  in  the  human 
body. 

Although,  however,  we  owe  the  discovery  of  numerous  etiological  relations, 
as  well  as  the  general  law  just  mentioned,  to  the  individualising  method 
of  pathological  investigation,  it  is  not  capable  of  giving  us  any  more  accurate 
conception  of  the  meaning  of  the  word  "disease."  This  is  affrjrded  by  the  second 
or  generalUing  m^thai  of  imestigatitm.  It  may  also  be  described  as  the  sfatL4ical 
method.  It  is  founded  ujKyn  the  supposition  that  the  errors  inherent  in  separate 
observations  vary  in  degree  and  in  kind,  and  therefore  neutralise  each  other 
when  a  large  number  of  observations  are  taken  together.  This  is  in  accordance 
with  the  general  results  of  the  theory  of  proliabilities.  The  use  of  this  method 
of  investigation  in  physiology  leads,  in  the  first  place,  to  an  exact  and  minute, 
although,  certainly,  purely  empirical  determination  of  the  normal  physiological 
relations  of  the  human  body,  and  afterwards,  in  the  same  manner,  to  an 
accurate  knowledge  of  the  pathological  deviations, 
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Size,  weight,  volume,  and  function  of  the  human  body,  its  organs  and  its 
elementary  histological  constituents,  show  numerous  individual  difl'erences 
in  health,  as  I  have  more  thoroughly  explained  in  a  special  paper  which  forms 
an  appendix  to  the  works  of  Quetelet,^  These  dift'eronces  are  so  considendjie 
that  it  may  ajipear  doubtful,  at  the  first  glance,  whether  they  can  be  exactly 
stated,  and  whether^  amid  all  the  varying  appearances,  a  common  plan  of 
structure  can  be  recognised,  to  which  all  the  individual  cases  approach  more  or 
less  nearly.  Such  a  plan  of  structure  exists.  It  corresponds  to  the  abstraction 
which  one  usually  associates  with  the  idea  of  "  human  being,"  and  it  must  be 
obtained  by  inductive,  conscious  methods  in  the  same  way  as  it  is  comprehended 
by  every  one  in  a  more  or  less  unconscious  fashion.  This  is  easily  shown  by 
an  example.  One  of  the  internal  organs  may  be  chosen  for  consideration  instead 
of  any  of  the  more  geneniUy  kTU>wn  superficial  parts  of  the  human  body. 

The  weight  of  both  kidneys,  taken  together,  varies,  within  wide  limits,  in 
difi'erent  healthy  individu:ds  of  the  same  age.  At  thirty-five — that  is,  at  the 
close  of  the  period  of  growth — it  varies  between  121  and  491  grammes.  If 
the  number  of  observations  be  increased,  however,  it  is  noticed  that,  in  spite  of 
those  wide  limits,  the  sum  of  the  weight  of  both  kidneys,  in  most  cases,  is  more 
or  less  remarkably  near  the  amount  of  306  grammes.  In  200  which  were 
weighed  tlie  sum  of  the  weight  of  both  kidneys  of  healthy  individuals,  thirty- 
five  years  old,  was  found  to  be  nearly  as  follows : — 

1  case  between  1 2 1  and  1 58  grammes. 
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The  regularity  of  rise  and  fall  of  the  figures  of  the  first  column  is  the  more 
remarkable  because  the  interval  between  each  pair  of  weights  was  fixed  at 
an  equal  amount,  tiaraely  37  grammes. 

The  observations  are  groupi^d  round  the  number  306.  Thia  number  is, 
at  the  same  time,  the  arithmetical  mean  of  the  observations,  and  this  number 
306  can  at  any  time  be  foun«!  by  a  new  set  of  observations.  These  also,  if 
they  are  sufficiently  extended^  will  give  306  grammes  as  the  arithmetical  mean 
for  the  sum  of  the  weights  of  both  kidneys.  The  theory  of  probabilities  allows 
us  to  conclude  from  previous  observations  that,  as  may  be  gathered  from  the 
above  table,  306  grammes  is  to  be  regarded  as  the  most  probable  result  to  be 
obti'vined  by  weighing  healthy  thirty-five-year-old  kidneys.  WTien  a  single 
healthy  kidney  is  weighed,  it  can  never  be  foretold  exactly  how  the  result  will 
turn  out.  If,  however,  no  more  is  known  of  the  kidneys  to  be  weighed  than 
that  they  are  healthy,  and  belong  to  a  human  being,  thirty-five  years  of  age, 
one  may  assume,  with  a  probability  which  approaches  certainty,  that  the  weight 
of  these  kidneys  will  lie  between  121  and  491  grammes,  and  will  probably  not 
be  far  from  306  grammes.     306  grammes  appears  to  be  the  value  indiavt*>d  as 


*  Thomn  .    Vntfrsuchnngen   vber  die  GrSinte  vnd  das  OeuncH  der  ancUomisckeji  Bestandtheie 
da  meruchlicJtrn  KOrprra  im  fjesviuifn  uml  krunken  Zu^tatuk.     Leipzig,  1682. 
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the  most  probable  estimation  for  the  sum  of  the  weight  of  both  kidneys,  and 
we  mtty  call  it  the  normal  weight  of  both  Iddneys  at  the  age  of  thirty-five. 

The  variatioos  from  the  normal  value  in  single  observations  may  be 
regarded  as  indimdual  devudiotiif.  Those  show  remarkable  regularity  in  the 
frequency  of  their  occurrence.  It  may  be  noted  in  the  above  table  that  the  half 
of  the  whole  200  observations  were  contained  witiiin  the  limits  (306  -  37  =  ) 
260  grammes  and  (306  +  37  =  )  343  grammes.  Therefore,  in  half  of  the  cases 
the  individual  deviations  in  the  sum  of  the  weight  of  both  adult  kidneys  does 
not  amount  to  more  than  ±  37  grammes. 

There  is  no  difficulty  in  determining  the  normal  value  of  each  organ,  since 
this  is  always  found  to  be  the  arithmetical  mean  of  a  long  series  of  observations. 
In  the  s;mie  way  we  can  deterndne  in  a  purely  empirical  majuier,  with  or 
without  the  aid  of  special  mathematical  mtsthuds,  what  is  the  individual 
deviation  from  the  normal  which  is  attained,  but  not  exceeded,  in  one  half  of 
the  cases  in  a  long  series  of  observations.  This,  then,  will  be  called  the 
prohuhk  stamhtnl  of  individual  deviathns. 

If  this  is  represented  by  W  it  is  invariably  found,  in  all  series  of  weights 
and  measurements  which  involve  orgajis,  tissues,  elements,  and  complete 
individuals,  that  the  relations  are  nearly  lis  follows : — 

1  observation  with  a  deviation  between  -  OW  and  -  4W 
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It  is  presupposed  that  in  this  series  200  observations  have  again  l>een  made. 
Should  the  number  of  observations  be  diiferent,  the  numbers  of  the  first 
column  wilt  change  correspondingly. 

These  methods  of  investigation  may  also  be  ap]>lied  to  the  functions 
of  the  human  body.  The  general  conclusion  may  be  drawn  from  them 
that  in  each  organ  (or  element  of  an  organ)  the  jyrohidniiti/  of  tlw  ocmrreiice  of 
an  imliindnal  drviolimi  from  tlw  noruial  sfaiuis  in  a  fixed  irrop&rtion  to  (he  amount 
of  the  dt'mdioii.  This  is  a  moat  important  law,  which,  of  course,  can  only  be 
practically  applied  if  the  normal  standard  and  the  probable  standard  of 
individual  deviations  have  been  previously  determined.  I  have  applied  it,  in 
the  paper  already  alluded  to,  to  some  organs  separately,  according  to  differing 
ages,  since  both  values  (Le,  the  absolute  weights  and  the  individual  devia- 
tions) vary  at  different  periods,  and  especially  during  thu  period  of  growth.  No 
further  difficulty  arises  in  determining  these  standards  for  all  the  organs.  In 
this  manner  we  shall  have  all  the  data  necessary  to  establish  the  structure  of 
the  ideal  normal  human  being.  This  is  known  as  the  mn-mal  standard  of  the 
whole  ktdff^  and  presupjioses  that  all  the  organs  show  the  normal  standard  as 
regards  structure  and  function. 

If  the  normal  is  to  be  i-egarded  as  the  most  probable  standard  of  structure 
and  function  of  each  organ  (and  element  of  an  organ),  it  follows  that  in  a 
normal  body  each  organ  must  have  the  standard  value  which  has  been  shown 
to  be  most  probable.     Such  a  concurrence  of  probabilities  is,  however,  exceed- 
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ingly  UBlikfly,  since  it  presupposes  bo  many  conditions  which  cannot  all  be 
easily  fulfilled  at  one  and  the  same  time.  The  normal  of  the  whole  organism 
is  equivalent  to  the  ideal  human  lieing  ;  but,  perhaps,  he  has  not  yet  been 
born.  It  represents  an  abstraction  which  supplies  the  tyiHj  of  the  structure  of 
the  human  body.  Each  separate  healthy  individual,  however,  is  only  an  ap- 
proximation to  this  normal  entire  organism.  Numerous  individuals  show  a 
slight  deviation  from  this,  but  the  more  considerable  deviations  are  much 
rarer  than  the  smaller  and  more  insignificant,  in  a  ratio  which  may  be  accur- 
ately determined.^ 

The  various  parts  of  the  body  arc  by  no  means  independent  of  each  other. 
On  the  contrary,  there  are  numerous  relations  between  them,  from  which  it 
follows  that  the  individual  deviations  from  the  normal  in  organs  (or  portions  of 
organs)  also  involve  cert.ain  deviations  in  neighbouring  organs  (or  portions  of 
organs).  Weak  muscular  development  implies  a  slenderly  built  skeleton,  and 
possibly  a  poor  development  of  other  systems.  These  proportions  also  may 
be  established  numerically,  and  are  expressed  in  the  terms  of  the  relative 
weights  and  the  relative  sizes  of  the  organs  (or  portions  of  organs),  or  of  the 
relative  amounts  of  their  function.  It  is  shown  by  investigation,  however, 
that  there  is  also  a  twrmal  for  these  relative  mensnremrrUs  of  the  parts  of  the 
body,  and  that  individual  deviations  from  the  normal  are  to  be  estimated  as 
regards  their  degree  and  frequency  in  the  same  way  as  the  absolute  measure- 
ments already  discussed.  It  is  also  shown  that  these  relative  measurements 
must  all  reach  their  normal  standard  in  order  to  make  up  a  perfectly  noi*mal 
body. 

One  uf  the  chief  results  of  the  generalising  method  of  investigation  is 
thus  an  accurate  determination  of  what  is  to  be  called  normal ;  and  this 
determination  by  purely  empirical  methods,  without  consideration  of  origin  or 
cause,  is  absolutely  neces.sary  so  long  as  tlic  vital  processes  are  not  more  fully 
understood.  Under  certiin  circumstances,  hou-ever,  cojmdtTahU  deiiatwiui  fmm 
the  n&nnal  (K'cnr,  which  decidedly  exceed  the  limits  already  mentioned.  Here, 
at  least,  the  absolute  or  relative  standard  for  the  size  or  function  of  several 
organs  (or  portions  of  organs)  far  exceeds  the  degree  of  the  greatest  individual 
deviation,  i.e.  is  removed  far  more  than  the  fivefold  amount  from  the  probable 
standard  of  the  individual  deviation  from  normal.  Such  alterations  are  usually 
termed  pathological.  In  leukaemia  there  is  a  great  increase  of  the  white  cells 
in  the  blood,  far  exceeding  the  limits  of  the  individual  variations  in  the  number 
of  corpuscles.  This  is  an  unmistakably  pathological  condition.  At  the  same 
time  an  enlargement  of  the  spleen  is  observed,  which  may  amount  to  ten  times 
its  proper  weight ;  this  also  would,  in  general,  be  recognised  as  a  sign  of  dis- 
ease. In  other  diseases  the  spleen  is  also  enlarged,  but  only  to  a  moderate 
amount,  so  that  the  splenic  enlargement  does  not  in  itself  exceed  the  limits 
of  individual  variations.  In  this  case  wo  obviously  cannot  assert  that  a  patho- 
logical condition  is  present,  merely  because  there  is  a  considerable  increase  in 
the  size  of  the  spleen.  It  must  be  ahown  either  that  some  of  the  component 
parts  of  the  spleen  exceed  the  limits  of  individual  variation — such  aa,  for  in- 
stance, congestion  of  the  organ  with  blood,  an  excessive  increase  of  the  number 
of  red  corpuscles  either  in  its  vessels  or  pulp,  or,  in  other  cases,  excessive 
increase  of  the  colourless  cells  of  the  pulp — or  we  must  seek  the  evidence  of 
disease  elsewhere,  if  any  disease  exists  at  all.  Thus  this  evidence  may  be 
found  in  a  disturbance  of  the  temperature  of  the  body.     It  is  known  that  the 

'  This  proportion  in  susceptible  of  a  gimple  mathematical  exprcaaion.     Compare  the  paper  quoted 
above. 
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individual  differences  in  the  temperature  of  the  interior  of  the  lx>dy  are,  when 
we  consider  the  physiological  daily  variations,  very  slight  and  hardly  even 
exceed  some  tenths  of  a  degree,  apart  from  certain  special  cases  of  marked 
rise  of  temperature.  If  we,  therefore,  observe  a  body  temperature  of  somewhere 
about  39*  Celsius  (lOS*"  Fahrenlieit),  some  morbid  condition  may  be  at  once 
diagnosed,  since  the  limits  of  physiological  variations  are  here  manifestly 
exceeded.  In  other  cases  the  primary  disturbance  of  function  may  be  in  other 
organs.  The  limits  of  physiological  variations  from  the  normal  are  surpassed 
somewhere  or  other  in  every  case  in  which  there  is  a  pathological  process,  and 
these  limits  are  approximately  fixed  as  five  times  the  probable  value  of  in- 
dividual variations. 

As  a  result  of  these  considerations,  disease  may  be  defined,  emjjirically,  as 
rt  demaiion  from  tlie  norvud  in  ifie  amttoriucal  or  chemical  siruciure^  or  in  the  fundicms 
of  ih-e  bodi/y  its  organs  and  elt'menis  of  organs,  which  exceeds  Ute  limits  of  individual, 
ph>jsiohtgical  rariatium.  This  conception  of  disease,  it  may  be  mentioned  here, 
almost  agrees  with  that  used  in  ordinary  conversation.  This  is  easily  explained 
when  it  ia  considered  that  ike  idea  of  disease  has  been  here  established  by  a 
purely  empirical  process.  Accordingly  the  definition  contains,  in  the  first  place, 
not  the  slightest  explanation  of  the  nature  of  pathological  processes  and  condi- 
tions, but  only  gives  the  grounds  which  determine  when  any  condition  is  to  be 
called  pathological.  A  definitioUj  however,  which  should  include  a  scientific 
statement  of  the  nature  of  pathological  proce&ses  in  general  is  hardly  possible, 
for  the  simple  reason  that  the  various  pathological  distmbances  show  differences 
in  their  causes  and  phenomena,  which,  aa  far  as  present  information  goes,  must 
be  described  as  essential  and  radical. 

It  will  |>erhaps  be  possiltic  in  future  to  obtain  a  full  conception  of  what 
disease  really  is.  At  present,  however,  the  object  of  pathology  may  be  described 
as  the  atlnnpl  to  ^stuhlish,  empiricalli/,  the  oiusf.<s  and  course  of  all  individiMl  patho- 
logical proresses  and  the  paihologicnl  ctwditions  to  which  thqf  gire  rise.  This  is  a 
most  important  as  well  as  a  long  and  arduous  task,  and  one  wliich,  wiien 
properly  carried  out,  greatly  widens  the  range  of  our  knowledge  of  disease,  and 
gives  the  jihysician  scientific  principles  in  the  care  and  treatment  of  the  sick. 

General  ^Hiilmhgif  can  only  perform  a  small  part  of  this  task.  Its  main 
purpose  is  to  give  a  review  of  the  general  causes  of  disease,  and  the  elemmturif 
furms  of  pathological  distiirbancrs  of  which  the  individual  cases  of  disease  are  made 
up,  and  also  to  explain  the  connection  between  the  causes  and  processes  of 
disetwe  in  a  general  manner,  without  considering  the  details  of  the  changes 
in  special  organs. 

It  is  chiefly  by  means  of  our  gren^tly  perfected  histological  methods  that 
general  pathology  has  reached  its  present  stage  of  development,  so  that  its 
progress  is  intimately  related  with  that  of  morbid  anatomy.  The  development 
of  cr^reriniental  jmfhologt/  can  never  lead  to  the  entire  displacement  of  morbid 
anatomy  in  this  connection,  for  experimental  puthology  can  never  dispense 
with  the  guidance  of  the  morbid  anatomist  and  the  clinician.  The  develop- 
ment also  of  pathological  chemi^irtf  will  in  time  only  modify  this  connection, 
not  sever  it,  Pathologiml  mmiomy  must  be  based  on  general  pathology,  so  that 
it  is  necessary  to  consider  general  pathology  along  with  the  general  part  of 
pathological  anatomy.  These,  then,  are  the  lines  along  which  the  science  has 
developed,  and  the  questions  which  still  await  solution. 
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GENERAL   CONSIDERATIONS 

Thk  causes  of  diseases  may  be  divided  into  two  great  groups — external  and 
mtermil. 

(a)  The  external  causes  of  disease  are  to  be  looked  for  among  the  influences 
which  the  outer  world  exerts  on  the  human  \xjdy.  Conditions  of  climate, 
soil,  dwelling,  clothing,  and  nutrition,  the  special  conditions  of  certain  occupa- 
tions or  trades,  and  many  other  circumstances,  play  a  more  or  less  important 
part  in  the  etiology  of  disc^we. 

The  human  body  ia  certainly  able  to  adapt  itself  to  very  varying  external 
conditions,  but  this  power  is  strictly  limited.  The  adaptation  is  frequently 
brought  about  by  a  strain  on  thp  activity  of  single  organs  and  groups  of 
organs,  which,  as  a  rule,  are  thereby  increased  in  volume  and  in  function.  If 
the  strain  on  the  organs  becomes  excessive,  however,  their  nutrition  becomes 
disturbed  and  even  seriously  damaged.  The  more  localised  diseases  frequently 
arise  in  this  way.  In  other  cases  acute  or  chronic  disturbances  of  general 
metabolism  may  be  produced  by  unfavourable  external  conditions.  The  relation 
of  the  external  world  to  pathological  processes  is,  however,  specially  striking 
when  the  latter  occur  as  the  result  of  injuries,  poisf/nrnt/s  or  intoxicatmis,  and 
in/ediotis. 

The  term  injunj  (or  trauma)  does  not  require  any  further  explanation. 
It  is  applied  to  the  effects  of  external,  mechanical,  partly,  also,  to  thermal 
agencies. 

Poisoning  or  intoxication  implies  a  pathological  disturbance,  caused  by 
the  introduction  of  chemically  active  substances  into  the  human  body,  where 
the  result  stfUuls  in  n  dt'Jinite^  though  by  no  tnmns  always  ■proimrtionate^  relation 
to  the  quaniiiy  of  the  siibf^tance  introduced. 

In  infedion  we  have  to  deal  with  tho  introduction  of  injurious  substances 
which  have  tho  power  of  multiplying  within  the  body.  Here,  accordingly, 
the  result  appears  as  a  disease  which,  vithin  certain  limits,  is  independent 
of  thr  ainoitnl  of  (he  snh&lance  introduced,  since  an  exceedingly  minute  quantity 
of  the  latter  frequently  multiplies  into  countless  numbers  after  entering  the 
body. 

The  ferments  and  jkirasitie  organisfns  are  the  external  causes  which,  acting  in 
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many  respects  like  chemical  poisons,  oiay  produce  disproportionately  great 
results,  even  when  they  are  introduced  in  excessively  small  amount.  As 
regards  the  ferments^  however,  two  essentially  different  varieties  may  be  dis- 
tinguished— the  mifoj-mcd  or  unorganised  fejincnis,  and  the  jWmed  tw  organised 
ferments. 

The  tin/orvied  ferments  have  as  yet  been  demonstrated  in  only  a  few  cases 
as  a  cause  of  disease.  As  an  example  we  may  mention  ricin,  a  substance 
obtained  from  castor  oil  (Robert),  which,  when  taken  by  mistake  in  a  more 
or  less  impure  condition,  has  given  rise  to  serious  and  even  fatal  illness.  It 
has  not  yet  been  shown  that  these  unformed  ferments  multiply  within  the 
human  body,  and  we  cannot  at  present  assume  that  they  do  so.  Therefore, 
although  in  such  cases  an  exceedingly  email  quantity  may  induce  the  most 
serious  pathological  consequences,  it  cannot  be  said  that  absolutely  no  pmportion 
exists  between  the  amount  and  the  action  of  the  substance  introduced. 
When  the  amount  of  the  substance  introduced  is  gradually  diminished,  its 
action  eventually  ceases.  In  this  respect  the  action  of  the  unformed  ferment 
closely  resembles  that  of  the  chemical  poisons,  a  fact  which  has  been  recog- 
nised in  the  introduction  of  the  term  fermeni-intoximtian,  which  refers  specially 
to  those  unformed  ferments.  These  substances  are  probably  of  very  much 
greater  importance  than  we  have  hitherto  believed.  Although  the  unformed 
ferments  of  the  vegetable  world  do  not  reproduce  themselves  within  the 
human  body,  it  is  quite  conceivable  that,  if  an  unformed  ferment  is  produced 
in  one  human  body  and  transmitted  to  another,  it  might  continue  to  reproduce 
itself  there.  It  might  then  appear  as  a  carrier  of  infection  in  the  more  limited 
sense  of  the  term,  by  multiplying  after  transmission,  and  develuiiing  an  action 
more  or  less  indejiendent  of  the  amount  introduced.  Very  great  difficulties 
are  met  with,  however,  in  investigating  the  unformed  ferments,  especially  in 
excluding  the  participation  of  the  formed,  organised  ferments.  It  can  be  thus 
easily  understood  why  much  greater  attention  should  be  directed  at  present 
towaitls  the  !atter. 

Tlie  formed  w  organised  feimeiUii  may  be  shown,  in  very  many  cases,  to 
be  the  cause  of  those  widely  distributed  diseases  which  are  termed  "  infective." 
The  disproportion  between  the  small  amount  of  the  exciting  cause  and  its 
injurious  effects  is  very  striking  in  those  cases.  These  organised  ferments 
appear  as  exceedingly  small  organisms  of  very  simple  structure.  They  con- 
stitute a  contiKjiurti  nrum.  They  are  mainly  fungi,  among  which  the  schizo- 
mycetes,  or  fission-fungi,  are  specially  important.  Some,  however,  are  micro- 
organisms which  more  nearly  approach  the  animal  kingdom  in  structure. 
When  these  sti-uctures  invade  and  multiply  within  the  body,  they  give  rise, 
in  many  cases,  to  diseases  of  varying  Beverityi  the  consideration  of  which 
occupies  a  large  and  important  chapter  in  pathology. 

Besides  the  minute  animal  organisms  just  mentioned,  larger  ones  are 
found,  which  begin  to  show  a  differentiation  of  one  or  more  organs.  These 
are  certainly  not  to  be  classed  ^^^th  the  ferments,  although  they  agree  with 
them  in  many  points.  We  are  justified,  however,  in  describing  as  parasites 
all  those  animals  which  invade  and  live  at  the  expense  of  the  human  IxKiy, 
without  considering  whether  they  are  large  or  small,  or  whether  they  have  a 
very  simple  or  a  verj'  complex  organisation.  As  might  have  been  expected, 
the  larger  forms  of  parasites  were  the  first  to  be  discovered  and  to  have 
their  significance  recognised.  Their  injurious  influence  differs  greatly.  It 
is  worthy  of  note,  however,  that  in  many  cases  highly  organised  animal 
parasites,  trichinsB,  for  instance,  give  rise  to  symptoms  very  similar  to  those 
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caused  by  the  smallest  infective  organisms.  Trichinosis  has  very  frequently 
been  mistaken  for  typhoid  fever,  a  disease  which  is  due  to  a  schizomycete ; 
and  infection  by  trichime  causes  the  same  abnormal  rise  of  body-temperature 
as  do  the  very  simple  animal  organisms  to  wliich  intermittent  fever  is  due. 
Only  the  general  course  of  these  diseases,  and  especially  their  characteristic 
temperatures,  show  differences  which  enable  us  to  distinguish  them. 

(/>)  The  so-called  inttrunl  cattsts  of  disease  are  to  he  looked  for  in  special 
conditions  of  the  organisation  of  the  body  itself  Here,  h^reditanj  transmissUm 
of  disqfse,  the  relatmis  of  the  trtguiiSy  and  time  of  life  play  prominent,  but  very 
different  parts. 

The  problems  of  het'edUi/  form  a  very  difficult  subject  for  investigation. 
Although  heredity  in  regard  to  the  external  configuration  of  the  body,  its 
various  internal  organs  and  functions,  is  so  remarkable,  this  heredity  is  njainly 
dependent  on  physiological  processes. 

As  soon  as  the  subject  is  examined  from  the  pathological  aspect,  the  question 
arises  as  to  the  i>ossibility  of  transmission  of  such  peculiarities  as  have  been 
acquired  by  an  individual  during  his  lifetime.  This  question  can  hardly  be 
said  to  be  ripe  for  decision,  for,  although  many  answers  have  been  given  to  it, 
there  has  been  no  agreement  among  them.  This,  accordingly,  does  not  seem  to 
be  the  place  for  a  final  decision  ;  we  shall  rather  endeavoui-  to  describe  the 
present  state  of  opinion  among  pathologists  on  the  subject. 

There  can  be  no  doubt  that  many  supposed  proofs  of  the  transmission  of 
acquired  pathological  peculiarities  may  bear  more  than  one  interpretation  and 
must  therefore  be  set  aside.  It  is  beyond  doubt  that  mant/  ivfediotts  diseasef^ 
syphilis,  for  instance^  are  tnmamHted  from  th^  parmts  to  i}ie  futus.  But  this  is  doe 
to  the  transmission  of  infective  material  before  birth  from  the  parents  to 
the  children,  not  to  the  inheritance  of  a  special  pathological  conditionu  The 
poison  of  the  disease  is  conveyed  to  the  progeny  and  develops  its  morbid 
actions  in  them.  Even  if  this  transmission  takes  place  in  the  embryonic  or 
foetal  period,  what  happens  is  that  a  ca.use  of  disease  that  is  really  external 
becomes  active  through  a  direct  transmission  from  parent  to  child. 

Recovery  from  an  attack  of  many  infectious  diseases  gives  rise  to  an 
immunity,  lasting  for  a  shorter  or  longer  period,  in  the  individuals  who  have 
recovered,  and  protecting  them  from  infection  by  the  same  disease.  It  hag  been 
further  observed  that  this  imimmity  after  infedive  diseases  can  be  danonstrattd  i7i 
the  descendants.  This  phenomenon  is  generally  explained  by  saying  that  the 
immunity-  which  the  parents  have  personally  acquired  by  experiencing  the 
disease  is  inherited  by  their  immediate  posterity,  which  is  therefore  affected 
only  slightly,  or  not  at  all,  when  exposed  to  the  same  infection.  It  is  quite 
possible,  however,  without  assuming  that  this  acquired  immunity  is  inherited, 
to  give  another  adequate  explanation  which  connects  the  observed  facts  with 
special  conditions,  peculiar  to  certain  families  and  races.  Those  individuals 
who  early  manifest  great  susceptibility  to  disease,  fall  ill  more  frequently  and 
more  seriously,  and  form  the  majority  of  fatal  cases.  Their  descendants  will 
therefore  be  leas  numerous  than  the  posterity  of  those  individuals  who,  because 
of  the  conditions  above-mentioned,  are  less  susceptible.  A  larger  number  of 
the  latter  w\]\  sorvive,  and,  in  their  turn,  yield  a  more  numerous  posterity. 
These  ^vill  soon  form  the  majority,  and,  because  of  their  special  unsusceptibility, 
will  less  frequently  fall  victims  to  disease. 

In  the  explanation  just  given  it  must  not  be  overlooked  that  the  process  of 
the  survival  of  the  fittest,  which  is  frequently  supposed  to  exist  in  the  animal 
world,  does  not  exist  in  the  same  unmodified  form  among  mankind.     Other 
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factors,  such  as  wealth  and  poverty,  greatly  influence  the  fertility  of  the  human 
race  taken  as  a  whole,  as  well  as  of  single  families  and  individuals.  The  well- 
to-do  are  also  frequently  able  to  withdraw  from  the  risk  of  infection,  while 
the  poorer  classes  are  exposed  to  it.  These  factors,  however,  depend  upon 
qualities  which  are  quite  different  from  that  of  susceptibility  to  disease.  The 
immunity  of  descendants  which  follows  many  epidemic  infective  diseases,  is 
therefore  a  complex  and  unsettled  question. 

In  other  cases  an  infectious  disease  of  the  parents  and  ancedors  appears  to 
cause  greater  susceptibility  toward  the  same  affection  in  the  descendants.  In  the 
case  of  tuberculosis,  for  instance,  it  is  generally  admitted  that  the  susceptibility 
of  different  individuals  varies  greatly.  It  has  been  observed  that  a  certain 
formation  of  the  thorax  is  very  frequently  found  in  tubercular  subjects,  and 
that  those  individuals  who  have  this  particular  form  of  thorax  are  very  suscept- 
ible to  the  tubercular  poison.  We  may  therefore  describe  this  peculiar  form 
of  chest  as  a  factor  favourable  or  predisposing  to  the  disease,  which  only  comes 
into  play  after  infection  with  the  tubercular  virus. 

This  predisposition  to  tuberculosis  is  undoubtedly  hereditary  in  many 
families,  and  in  these  families,  also,  comparatively  frequent  opportunity  for 
infection  occurs,  because  of  the  disease  of  many  of  their  members.  There  can 
also  be  no  doubt  that  tubercular  disease  gives  rise  to  many  deformities  of  the 
thorax  which  partly  resemble  those  which  are  supposed  to  indicate  a  hereditary 
disposition  to  this  disease.  Nevertheless,  we  may  question  whether  these  latter 
are  due  to  hereditary  transmission  of  acquired  pathological  peculiarities,  since  it 
must  be  admitted  that  the  long,  narrow  thorax,  which  is  the  expression  of  the 
disposition  to  tuberculosis,  may  be  a  family  (or  race)  peculiarity.  (In  cases  of 
tuberculosis  this  would  combine  with  the  changes  in  form  of  the  thorax  which 
the  disease  often  produces.) 

The  assumption  of  a  family  or  race  peculiarity,  however,  by  no  means 
affords  a  final  explanation.  2%e  question  arises,  "  How  has  the  special  peculiarity 
originated  f*  Such  peculiarities  also,  when  pathological,  might  just  as  well 
depend  oh  inheritance  of  acquired  pathological  conditions  as  on  a  variation 
of  some  part  of  the  organism,  originally  independent  of  an  external  cause 
and  subsequently  favoured  by  selection.  In  the  latter  case  it  may  appear 
paradoxical  that  a  predisposition  to  disease  should  form  a  family  or  race 
peculiarity,  since,  by  selection,  only  those  qualities  tend  to  be  further  developed 
which  benefit  the  individual  in  some  manner  or  other.  If,  however,  it  be 
remembered  that  in  man  those  qualities  which  guarantee  advancement  in  social 
position  are  repeatedly  favoured  by  selection,  the  occasional  development  of 
pathological  family  peculiarities  is  not  quite  incomprehensible.  In  point  of 
fact,  persons  who  are  distinctly  in  bad  health,  and  for  whom  existence  is 
only  possible  imder  favourable  social  circumstances,  very  frequently  have 
children.  From  this  it  may  be  seen  that  in  man  qualities  which  must  be 
termed  pathological,  will  also  be  developed  by  selection.  Under  the  terms, 
polyuria,  retinitis  pigmentosa,  etc.,  conditions  will  be  afterwards  described 
which  have  perhaps  arisen  in  this  way,  and  which,  at  any  rate,  represent 
peculiar  hereditary  diseases. 

The  existence  of  hereditary  diseases  and  hereditary  predispositions  to  disease 
which  may  be  regarded  as  family  peculiarities  is  therefore  beyond  doubt  In 
each  individual  case  the  question  would  then  have  to  be  answered  whether 
these  race  peculiarities  are  to  be  attributed  to  the  transmission  of  acquired 
pathological  properties  or  to  a  possibly  accidental  variation  in  the  organisation 
of  the  body,  which  has  been  further  developed  by  selection.     Both  cases  are 
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possible  and  conceivable ;  only  it  is  very  difficult  .to  prove  which  of  the 
two  explanations  meets  the  case.  More  general  consideration  must  be  directed 
to  the  question,  how  far  in  the  two  eases  the  conditions  of  the  external  world 
exert  a  determining  influence,  since  these  alone  are  capable,  at  present,  of 
being  accurately  estimated. 

External  causes  of  disease  play  an  important  part  in  the  transmission 
of  acquired  pathological  qualities,  inasmuch  as  they  produce  the  disease  of 
the  parents  which  is  afterwards  transmitted  to  the  descendants.  All  experience, 
however,  leads  to  the  assumption  that  these  pathological  disturbances  must 
disappear  again  in  the  next  generation  if  the  same  injurious  influences  of 
the  external  world  do  not  recur.  Therefore,  in  the  theory  of  transmission 
of  acquired  pathological  peculiarities  the  most  important  elements  are  the 
external  causes  of  disease.  A  similar  relation,  although  in  another  form, 
is  also  seen  in  those  family  and  race  peculiarities  which  might  be  derived 
from  the  independent  variations  of  our  bodily  organisation,  further  developed 
by  selection. 

The  variation  of  the  external  and  internal  forms  and  functions  of  the 
organism  are  of  fundamental  importance  for  the  Darwinian  theory.  It  may 
be  supposed  that  these  variaiicms  are  acciderUaly  perhaps  under  the  influence 
of  accidental  external  circumstances.  In  any  case,  however,  the  external  world 
is  essentiaUy  important  for  the  maintenance  and  further  development  of  these 
variations,  since  it  determines  which  variations  are  to  be  victorious  in  the 
struggle  for  existence.  The  supposition  that  these  variations  are  accidental 
is,  however,  not  the  only  possible  one.  In  spite  of  all  the  advances  in 
histology,  the  mechanism  and  chemistry  of  the  formative  processes  in  the 
cell  and  cell-nucleus  are  still  essentially  unknown.  Therefore,  it  cannot  be 
denied  that  this  mechanism  may  of  itself  bring  about  a  gradual  change  of 
structure  and  thus  constitute  an  internal  cause,  inherent  in  the  nature  of  the 
organism,  for  the  variation  in  the  development  in  its  structure.  This  doctrine 
is,  indeed,  powerfully  supported  by  Nageli  and  Kolliker.  The  action  of  this 
internal  cause,!  however,  may  be  influenced  by  external  conditions.  Although 
ihe  variations  are  here  completed  according  to  a  fix^  law^  the  conditions  of  the 
external  world  stilly  as  before^  deiermine  the  continuance  of  those  changes  which  show 
themselves  most  useful  in  the  competition  with  others. 

The  great  importance  of  external  circumstances  for  the  development  of 
species  and  of  race  must,  of  course,  also  be  remembered  in  considering  the 
origin  of  family  and  race  peculiarities ;  and  where  such  peculiarities  are  patho- 
logical, the  external  conditions  which  produce  them  must  rank  as  their  external 
causes.  The  accurate  determination  of  these  conditions  is  certainly  a  difficult 
task,  and  one  which  is  still  far  from  being  completed.  Pathology  may 
perhaps,  in  time,  materially  advance  our  knowledge  of  heredity,  by  investi- 
gating the  external  conditions  which  give  origin  to  pathological  peculiarities 
which  become  inherited,  even  when  those  external  conditions  are  not  the 
ultimate  cause  of  the  disease.  However,  in  discussing  the  transmission  of 
pathological  conditions,  it  must  be  remembered,  also,  that  these  may  take  the 
form  of  variations  which  disappear  in  the  competition  with  other  variations,  but 
are,  nevertheless,  maintained  through  several  generations.  In  this  case  the 
variation  appears  to  be  the  direct  cause  of  the  hereditary  disease  which,  in 
its  turn,  takes  the  form  of  a  family  peculiarity.  It  cannot  be  seen,  at  present, 
how  the  mode  of  origin  of  such  variations  is  to  be  demonstrated.  It  is  not 
sufficient  to  point  out  that  hereditary  disease  does  exist,  unless,  at  the 
same  time,  an  external  cause  for  the  disease  can  be  brought  forward. 
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factors,  such  as  wealth  and  poverty,  greatly  influence  the  fertility  of  the  human 
race  taken  as  a  whole,  as  well  as  of  single  families  and  individiiala  The  well- 
to-do  are  also  frequently  able  to  withdmw  from  the  risk  of  infection,  while 
the  poorer  classes  are  exposed  to  it.  These  factors,  however,  depend  upon 
qualities  which  are  quite  different  from  that  of  susceptibility  to  disease.  The 
immunity  of  descendants  which  follows  many  epidemic  infective  diseases,  is 
tlierefore  a  complex  and  unsettled  question. 

In  other  cases  an  infedimis  disease  of  ifu;  parents  and  am£st€rs  appean  to 
cause  greater  suscrptihilitfj  toward  tfie  siune  affection  in  the  descendants.  In  the 
caae  of  tuberculosis,  for  instance,  it  is  generally  admitted  that  the  susceptibility 
of  differcDt  indi\nduals  varies  greatly.  It  has  been  observed  that  a  certain 
formation  of  the  thorax  is  very  frequently  found  in  tubercular  subjects,  and 
that  those  individuals  who  have  this  particular  form  of  thorax  are  very  suscept- 
ible to  the  tubercular  poison.  We  may  therefore  describe  this  peculiar  form 
of  chest  as  a  factor  favimralle  or  prcdisposinfj  to  the  disease,  which  only  comes 
into  play  after  infection  with  the  tubercular  vims. 

This  predisposition  to  tuberculosis  is  undoubtedly  hereditary  in  many 
families,  and  in  these  families,  also,  comparatively  frequent  opjwrtuuity  for 
infection  occurs,  because  of  the  disease  of  many  of  tlieir  members.  There  can 
also  be  no  doubt  that  tubercular  disease  gives  rise  to  many  deformities  of  the 
thorax  %vhich  partly  resemble  those  which  are  supposed  to  indicate  a  hereditary 
disposition  to  this  disease.  Nevertheless,  we  may  question  whether  these  latter 
are  due  to  hereditiiry  transmission  of  acquired  pathological  peculiarities,  since  it 
must  be  admitted  that  the  long,  narrow  thorax,  which  is  the  expression  of  the 
disposition  to  tuberculosis,  may  be  a  family  (or  i-ace)  peculiarity.  (In  cases  of 
tuberculosis  this  would  combine  with  the  changes  in  form  of  the  thorax  which 
the  disease  often  produces.) 

The  assumptitui  of  a  family  or  race  peculiarity,  however,  by  no  means 
affords  a  final  explanation.  The  quistum  arises^  '*  How  his  th^  special  pecuUaritj/ 
orifjimfcd '/ '*  Such  peculiarities  also,  when  Y>athological,  might  just  as  well 
depend  ob  inheritance  of  acquired  pathological  conditions  as  on  a  variation 
of  some  part  of  the  organism,  originally  independent  of  an  external  cause 
and  subsequently  favoured  by  selection.  In  the  latter  case  it  may  appear 
paradoxical  that  a  predisposition  to  disease  should  form  a  family  or  race 
peculiarity,  since,  by  selection,  only  those  qualities  tend  to  be  further  developed 
which  benefit  the  individual  in  some  manner  or  other.  If,  however,  it  be 
remembered  that  in  man  those  qualities  which  guarantee  advancement  in  social 
position  are  repeatedly  favoured  by  selection,  the  occasional  development  of 
pathological  family  peculiarities  is  not  quite  incomprehensible.  In  point  of 
fact,  persons  who  are  distinctlj'  in  bad  health,  and  for  whom  existence  is 
only  possible  under  favourable  social  circumstances,  very  frequently  have 
children.  From  this  it  m&-y  be  seen  that  in  man  qualities  which  must  l>e 
termed  pathological,  will  also  be  developed  by  selection.  Under  the  terms, 
polyuria,  retinitis  pigmentosa,  etc,  cofiditions  will  be  afterwards  described 
which  have  perhaps  arisen  in  this  way^  and  which,  at  any  rate,  represent 
peculiar  hereditary  diseases. 

The  existence  of  hereditary  diseases  and  hereditary  predispositions  to  disease 
which  may  be  regarded  as  family  peculiarities  is  therefore  beyond  doubt.  In 
each  individual  case  the  question  would  then  have  to  be  answered  whether 
these  race  peculiarities  are  to  be  attributed  to  the  transmission  of  acquired 
pathological  properties  or  to  a  possibly  accidental  variation  in  the  organisation 
of  the  l»ody,  which  has  been  fiu'ther  developed  by  selection.     Both  cases  are 
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possible  and  conceivable  ;  only  it  is  %'ery  difficult  to  prove  which  of  the 
two  explanations  meets  the  case.  More  general  consideration  must  he  directed 
to  the  question,  how  far  in  the  two  eases  the  conditions  of  the  external  world 
exert  a  determining  iii  tint  nee,  since  these  alone  are  capable,  at  present^  of 
being  accurately  estimated. 

External  causes  of  disease  play  an  important  part  in  the  transmission 
of  acquired  pathological  qualities,  inasmuch  as  they  produce  the  disease  of 
the  parents  which  is  afterwards  transmitted  to  the  descendants.  All  experience, 
however,  leads  to  the  assumption  that  these  pathological  disturbances  must 
disappear  again  in  the  next  generation  if  the  same  injurious  influences  of 
the  external  world  do  not  recur.  Therefore,  in  the  theory  of  transmission 
of  acquired  pathological  peculiarities  the  most  important  elements  are  the 
external  causes  of  disease,  A  similar  relation,  although  in  another  form, 
18  also  seen  in  those  family  and  race  peculiariiies  which  might  be  derived 
from  the  independent  variations  of  our  bodily  organisation,  further  developed 
by  selection. 

The  variation  of  the  external  and  internal  forms  and  functions  of  the 
organism  are  of  fundamental  imiwrtance  for  the  Darwinian  theory.  It  may 
be  supposed  that  these  rnxmiior^  are  accidental^  perhaps  under  the  influence 
of  accidental  external  circumstances.  In  any  Ccise,  however,,  the  external  wurld 
is  essentially  important  for  the  maintenance  and  further  development  of  these 
variations,  since  it  determines  which  variations  are  to  be  victorious  in  the 
struggle  for  existence.  The  supposition  that  these  variations  are  accidental 
is,  however,  not  the  only  possible  one.  In  spite  of  all  the  advances  in 
histology,  the  mechanism  and  chemistry  of  the  formative  processes  in  the 
cell  and  cell-nucleus  are  still  essentially  unknown.  Therefore,  it  cannot  be 
denied  that  this  mechanism  may  of  itself  bring  about  a  gradual  change  of 
structure  and  thus  constitute  an  internal  cause,  inherent  in  the  nature  of  the 
organism,  for  the  variation  in  the  developnu-nt  in  its  structure.  This  doctrine 
is,  indeed,  puwerfully  supported  by  Niigeli  and  Kolliker.  The  action  of  this 
internal  cause,*  however,  may  be  influenced  by  extermd  conditions.  AUhmKjh 
ifte  mriaH(ms  are  here  cmplekd  ncronJing  to  a  fixed  laii\  tlw  coiuliiinns  of  the 
external  world  still,  rt.^'  be/ore,  deteTmbit  the  amtinuance  of  those  changes  whicJi  sJi&m 
thejnselves  most  useful  in  tlt€  campdUi&n  with  others. 

The  great  importance  of  exterDal  circumstances  for  the  development  of 
species  and  of  race  must,  of  course,  also  be  remembered  in  considering  the 
origin  of  family  and  race  peculiarities  ;  and  where  such  peculiarities  are  patho- 
logical, the  external  conditions  which  produce  them  must  rank  as  their  external 
causes.  The  accurate  determination  of  these  conditions  is  certainly  a  difficult 
task,  and  one  which  is  still  far  from  Ijeing  completed.  Pathology  may 
perhaps,  in  time,  materially  advance  our  knowledge  of  heredity,  by  investi- 
gating the  external  conditions  which  give  origin  to  pathological  peculiai'ities 
which  become  inherited,  even  when  those  external  conditions  are  not  the 
ultimate  cause  of  the  disease.  HoAvever,  in  discussing  the  transmission  of 
pathological  conditions,  it  must  be  remembered,  also,  tliat  these  may  take  the 
form  of  variations  which  disappear  in  the  competition  with  other  variations,  but 
are,  nevertheless,  maintained  through  several  generations.  In  this  case  the 
variation  appears  to  be  the  direct  cause  of  the  hereditary  disejise  which,  in 
its  turn,  takes  the  form  of  a  family  peculiarity.  It  cannot  be  seen,  at  present, 
how  the  mode  of  origin  of  such  variations  is  to  be  demonstrated.  It  is  not 
sufficient  to  point  out  that  hereditary  disease  does  exist,  unless,  at  the 
same  time,  an  external  cause  for  the  disease  can  be  brought  forward. 
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Some  conclusion  in  this  branch  of  pathology  has  been  sought  in  the  recently 
greatly  extended  knowledge  of  the  formation  and  fecundation  of  the  generative 
cells.  The  rudiments  of  the  generative  organs  and  cella  separate  very  early 
from  the  other  constituents  of  the  body,  a  long  time,  at  least,  before  the  great 
part  of  the  external  causes  of  disease  act  upon  the  organism.  The  latter  are 
supposed  to  serv^e  as  a  mechanical  protection  to  the  embryonic  rudiment  of 
the  generative  cells  which  it  surrounds,  from  the  action  of  external  causes  of 
disease.  It  is  regarded  as  inconceivable  that  disease,  in  the  li'^'er  or  tungs,  for 
instance,  should  have  a  reaction  on  the  ovarian  or  spennatic  elements,  which  are 
still  perhaps  immature.  The  young  organism,  which  issues  from  the  union  of 
the  ovtim  and  spermatozoon,  is  supposed  to  have  inherited  only  race  or  family 
peculiarities,  but  no  share  in  the  acquired  pathological  quahties  of  its  parents. 

This  inference  does  not  by  any  means  hold  good  in  all  cases.  In  a 
case  of  typhoid,  most  remarkable  and  serious  changes  take  place  in  the 
alimentary,  circulatory,  and  nervous  systems.  The  hair  also  not  infrequently 
falls  out,  and  that  part  of  the  finger-nail  which  is  produced  dnring  the  acute 
stage  of  the  disease  shows  a  jiecuHar  malformation.  The  general  disturbance 
of  nutrition,  consequent  on  infection  with  the  typhoid  virus,  has  involved  the 
roots  of  the  hair  ami  nails.  Why  should  the  generative  cells  remain  untouched 
by  the  disturbance  of  nutrition  which  affects  all  the  other  tissues  1  It  is  true 
that,  as  yet,  we  have  nut  been  able  to  demonstrate  microscopically  any  changes 
occasioned  by  typhoid  in  the  generative  cells ;  b«t  the  same  is  true  of  the 
muscles,  althougli  it  may  be  quite  clear,  from  their  excessive  weakness,  that 
they  have  been  affected.  Besides  this,  the  generative  cells  form  a  portion  of 
the  organism  which  requires  a  continuous  supply  of  nutriment  from  the  general 
circulation  for  its  development,  li  cannot,  therefore^  according  fo  the  modnfi 
slandjmnt  of  science,  he  denied  a  priori  thai  diseases  in  the  p(irents  may  react  on 
(he.  jwopefiies  of  the  generative  ceils  and  oil  the  deMendantt!.  \\'hether  such  a 
reaction  takes  place,  and  by  what  means  the  acquired  pathological  peculiarities 
of  parents  are  transferred  to  their  descendants,  cannot  at  present  be  determined, 
and  will  only  be  proved  in  the  future  by  direct  observation  of  the  trans- 
mission, This  much,  however,  may  be  learned  from  what  has  been  said  above, 
that  the  external  conditions  of  life  must  have  an  important  share  in  the  causa- 
tion of  hereditary  disease.  Experience  shows  that  it  is  not  by  any  means  ever}' 
pathological  peculiarity  that  is  transmitted.  Such  a  transmission  is  only  to 
be  expected  ^^in  thoae  disturbances  which  involve  the  generative  cells.  It  may 
bo  taken,  as  supporting  this  view,  that  hereditary  diseases  disappear  in  later 
generations,  either  because  the  external  conditions  of  life  have  changed,  or 
because  the  action  of  the  disturbance  has  gradually  been  modified  through 
marriage  with  members  of  healtliy  families. 

Those  points  are  of  very  great  importance  in  the  question  of  marriages 
among  blood  relations.  It  would  seem  that  such  marriages  among  relations  may 
result  in  strong  and  heiilthy  ol!sj)rin^,  so  long  as  the  families  are  thoroughly 
healthy;  but  that,  on  the  other  hand,  hereditary  disease  would  be  established  if 
the  families  shoidd  be  affected  by  diseases  which  can  exert  an  unfavourable 
influence  on  the  formation  and  maturation  of  the  generative  cells.  We  may 
safely  say  that  experience  supports  these  inferences.  At  present,  however, 
we  cannot  learn,  by  reasoning  backwards  from  that  ex{>erience,  on  what  the 
transmisfiibilit)-  of  acquired  pathological  conditions  depends.  The  best  kpown 
hereditary  diseases  are  of  so  peculiar  a  character  that  it  is  very  difficult  to  show 
from  experience  what  causes  governed  their  first  appearance. 

The  ditiicultics  w^hich  x>revent  the  decision  of  the  question  of  the  tranamission 
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of  acquired  pathological  peculiarities  may  be  recapitulated  in  a  few  words.  If,  in 
the  different  generations  of  a  family,  the  recurrence  of  certain  forms  of  disease  be 
observed,  which,  it  is  knoi,Fn  from  experience,  may  also  be  acquired  as  the  result 
of  external  iojiiry,  it  may,  as  already  mentioned,  be  assumed  to  be  possible 
that  tlie  different  generations  have  acquired  this  disease  separately.  It 
would  require  a  much  more  extended  experience  to  prove  that  these  acquired 
pathological  peculiarities  have  been  hereditarily  transmitted.  At  present  this  is 
still  doubtful  If,  however,  on  the  other  hand,  we  hare  to  deal  with  a  hereditary 
disease,  for  which,  at  present,  no  external  cause  can  be  cited,  a  valid  decision 
for  or  against  the  assumption  of  the  transmission  of  acquired  pathological 
peculiarities  is  just  as  little  to  be  found,  since,  in  these  cases,  the  cause  of  the 
disease  is  certainly  inexplicable.  The  assumption  of  transmitted  race  and 
family  peculiarities  is  a  makeshift  which  only  hides  but  does  not  bridge  over 
the  defects  in  oiu*  knowledge.  Those  diseases  in  which  there  is  no  evidence  of 
an  external  cause  require  special  notice.  All  that  investigation  can  hope  to  do 
with  regard  to  them  is  to  exjdain  their  causation  in  course  of  time;  or,  in  other 
words,  to  show  that  they  dejtend  on  special  external  changes  or  conditions. 
It  is  only  the  demonstration  of  the  external  causes  of  disease  that  advances 
real  knowledge.  The  assumption  of  internal  causes  affoixla  no  thoroughly  satis- 
factory explanation,  but  is  merely  justified  as  an  litiavoidabie  stage  in  the 
progi'ess  of  investigation. 

Corresponding  to  these  deductions,  we  may  distinguish  the  following 
varieties  of  hereditary  diseases : — 

1.  Hereditary  transmission  of  external  causes  of  disease  (infections  and 

intoxications). 

2.  Hereditary  diseases   in  which   the   proof  of    corresponding   external 

causes  is  alisent, 

3.  Diseases  and  predispositions  to  disease  which  seem  to  be  hereditary 
in  families,  but  which  might  also  he  produced  in  the  individual 
members  of  the  family  by  external  causes. 

It  is  clear,  from  previous  explanations,  that  the  boundaries  between  these 
groups,  and  especially  Ivetwecn  the  two  last,  may  be  altered  as  our  knowledge 
advances.  They  are  only  useful  as  a  temporary  classification,  afterwards  to  be 
replaced  by  another  which  will  correspond  more  exactly  to  the  nature  of  the 
phenomena.  The  second  group,  however,  h.is  pre-eminently  a  special  interost, 
since  in  it  the  hereditary  nature  of  disease  appears  most  distinctly,  and  for  this 
reason  a  series  of  such  cases,  polyuria,  hiemophiha,  and  retinitis  pigmentosa,  will 
afterwards  be  described  somewhat  more  miuutely. 

We  have  now  to  examine  more  closely  some  other  important  conditions 
which  are  to  be  reckoned  as  internal  causes  of  disease,  namely,  the  correlaium 
hetwecti  the  ivirious  organs  of  the  hodij.  This  relation  comes  under  consideration 
in  various  ways  in  pathology.  In  the  first  place,  it  may  frecjuently  be  shown 
that  disease  of  one  organ  involves  diseases  of  several  other  organs.  Disease 
of  the  valves  of  the  heart  interferes  with  the  circulation  of  the  blood,  and 
froque»it]y  leads  to  blood  stasis  in  the  pulmonary  or  systemic  circulation, 
thus  disturbing  the  lungs  and  other  organs,  not  only  in  their  function,  but 
also  in  their  anatomical  structure.  These  are  conditions  which  continually 
appear  in  the  special  consideration  of  the  diseases  of  the  various  organs.  In 
the  second  place,  however,  consideration  of  the  relations  between  the  individual 
organs  leads  up  to  the  question  of  predisposition  to  disease. 

The  complex  causes  which  give  rise  to  pathological  processes  in  the  human 
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body  are  known  in  only  a  few  cases  sufiickntly  accurately  to  allow  the  relation 
between  the  cause  and  etfect  to  be  exactly  determined.  In  a  purely  general 
consideration  we  have  to  distinguish,  as  a  rule,  between  remote  or  jfredisposing 
causes  of  disease  {aiu.^iv  rcmMm  sive  proedispoTimies)  which  render  the  body  less 
resistant  to  the  immediaie  or  direct  cause  of  disease  {causte  prwrAnut  dvc  deier- 
minanUs).  This  definition  has  never  been  very  accurately  app)lied,  but  it  has 
an  undeniable  importancCj  since  it  is  supported  by  positive  and  well-authenti- 
cated facts.  We  must,  however,  carry  the  analysis  further,  especially  in  regard 
to  the  remote  causes,  and  distinguish  between  pcUholugical  predispodtiim  to  distOM^ 
individual  •predisposition,  and  the  predisposition  due  to  time  of  life. 

Patftoiogical  predisposUions  t<t  disease  occur  as  patholofjical  conditiovs  which 
render  the  human  body  less  resistant  to  injurious  influences  which  may  cause 
other  forms  of  disease.  Purulent  catarrh  of  the  genito-urinary  system  is  a 
disease  which  may,  perhaps,  have  been  brought  about  by  gonorrheal  infection. 
This  disease,  however,  makes  the  introduction  of  a  tubercular  infection  very 
much  more  easy.  Tuberculosis  of  the  genito-urinary  system  arises  here,  as 
always,  from  infection  with  tubercle  bacilli,  and  these  form  the  immediate  or 
direct  cause  of  the  disease.  The  preceding  purulent  cataiTh  has,  Ijowever,  in 
this  case  and  in  relation  to  the  later  tuberculosis  infection,  the  cltaraeter  of 
a  remote  or  predisposing  cause.  It  brings  about  a  diseased  condition  of  the 
mucous  membranes  which  constitutes  a  pathological  predisposition. 

As  indivUlu(d  predispositions  to  disease  only  those  peculiarities  of  an  individual 
should  be  described  which  lie  within  the  limits  of  normnl  conditions  and  ivhich 
favour  the  occurrence  of  a  disease.  It  is  quite  permissible  to  assume  that 
great  individual  deviations  of  certain  organs  from  the  normal,  even  when 
they  cannot  be  termed  pathological  in  themselves,  may  favour  the  appearance 
of  certain  diseases.  I  have  exhaustively  explained,  in  the  paper  mentioned 
before  (p.  3),  how  difficult  it  is  to  demonstrate  such  occmrences.  As  a  fact, 
this  can,  as  a  nUe,  only  be  done  by  means  of  statistics — a  metho<i  which 
demands  a  great  deal  of  time.  Many  observations  can  hardly  be  explained  in 
any  other  way  than  bj^  the  assumption  of  individual  predispositions.  If  a 
large  number  of  human  beings  are  equally  exposed  to  infection,  as  a  nile 
only  a  portion  becomes  ill,  the  rest  manifest  a  relative  immunity.  This  is 
often  very  noticeable  when  different  races  of  men  mix  together.  The  negroes 
of  the  countries  on  the  African  coast  are  much  less  subject  to  ague  than  the 
perfectly  healthy  Europeatis  who  visit  these  countries.  This  is  due  to  race 
peculiariiieSy  but  it  may  also  be  regarded  as  due  to  individual  predispositions. 
The  same  applies  to  the  differences  of  sex.  Diabetes  mellitus,  gout,  tabes  dorsalis, 
and  general  paralysis  are  much  more  commonly  met  with  in  raao  than  in 
woman.  It  is  true,  however,  that  in  cases  where  race  and  sex  are  regarded  as 
predLapositions  to  disease,  many  external  conditions,  which  cannot  be  easily 
discussed  in  their  most  general  aspect,  play  an  important  rOk. 

The  predisposition  due  to  time  of  life  is  also  due  to  conditions  which  come 
mtkin  normal  limits.  The  capacity  for  resistance  to  the  exciting  causes  of  dis- 
ease is  altogether  different  at  different  periods  of  life,  oven  when  healthy  persons 
only  are  considered.  These  differences  may,  in  many  cases,  depend  upon  the 
fact  that  the  relations  of  the  individual  organs  to  each  other  differ  greatly 
at  different  ages. 

It  is  not  only  the  relations  in  volume  of  the  several  organs  and  portions  of 
organs,  their  relative  size  and  weiglit,  which  alter  in  the  course  of  life,  but  often 
also  the  microscopic  structure  and  physiological  function.  An  explanation  of 
the  way  in  which  the  susceptibility  to  disease  is  influenced  by  the  period  of 
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life  can  only  be  given,  however,  m  very  rare  cases,  and  often  only  in  con- 
nection with  the  exterual  influences  which  are  the  immediate  cause  of  the  dis- 
turbance. The  intestinal  mucous  membrane  ia  decidedly  more  susceptible  in 
the  first  years  of  life  than  afterwards,  but,  notwithstanding  this,  it  is  unsuit- 
able food,  as  a  rule,  which  brings  on  the  intestinal  catarrh  which  is  so 
extraordinarily  common  and  often  fatal  at  this  age.  The  susceptibility  of 
the  intestinal  mucous  membrane  of  the  child  is,  in  this  case,  due  to  the  period 
of  life.  The  unsuitable  character  of  the  food  which  gives  rise  to  abnormal 
fermentations  affords  only  a  partial  explanation.  The  explanation  is  not  always 
so  imperfect,  however.  In  advanced  life,  for  instance,  the  diseases  of  the  vas- 
cular system  predominate.  The  arteries  especially,  which,  for  many  years,  have 
been  oflering  uninterrupted  resistance  to  the  pressure  of  the  blowl,  are  apt  to 
become  diseased.  This  can  be  easily  ascribed  to  a  diminution  of  the  elasticity 
of  their  walls,  however— a  condition  which  is  common  to  all  bodies  that 
possess  elasticity.  This  is  a  more  satisfactory  explanation  of  the  cause  of 
the  disease,  and  renders  it  unnecessary  to  assume  that  it  is  the  result  of 
a  mere  predisposition  of  the  f>eriod  of  life.  It  will  be  easily  understood  that 
this  loss  of  elasticity  must  make  itself  the  more  noticeable  the  longer  the 
period  of  time  during  which  the  vessel  wall  had  to  keep  up  its  tensioo.  The 
theory  of  predisposing  and  determining  causes  may  be  regarded  merely  as  an 
aid  to  investigation  which  may  be  used  during  the  present  imperfect  state  of 
our  knowledge,  and  which  may  serve  to  conveniently  classify  the  incompleted 
results  of  our  obsen-ations.  It  is,  however,  a  theory  which  in  many  cases 
makes  presuppositions  which  are  certainly  justifiable,  but  are  not  absolutely 
necessary. 

Among  the  diseases  which  are  closely  connected  vni\\  certain  periods  of 
life,  and  which  are  both  interesting  and  mysterious,  the  disturbances  which 
lead  to  abnormal  formations  of  the  body  and  its  organs  during  foetal  life  and 
the  period  of  growth  may  be  specially  mentioned.  These  are  the  malf(rrmaii(m$. 
The  protected  position  of  the  foetus  within  the  mother's  body  allows  these 
disturbances  frequently  to  escape  clinical  observation,  so  that  tliey  come  more 
especially  under  the  notice  of  the  pathologists,  who  have  reached  many  valuable 
general  conclusions  with  regard  to  them.  It  therefore  appears  justifiable  to 
consider  these  malformations  in  some  detail,  devoting  special  attention  to  the 
most  important  varieties. 
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InjI'RY  or  trauma  is  the  term  usetl  for  a  loaioii  produced  by  external,  mechanical 
or  thermal  causes,  which  results  in  disease  or  death. 

The  direct  effects  of  the  injury  manifest  themselves  as  changes  in  the 
physiological  relations  uf  the  tissue  affected  by  it ;  those  changes  appeariiijt^ 
in  the  first  place  as  disturbance  of  function,  but  in  many  cases  l>eing  comliined 
with  alterations  of  the  histological  and  molecular  structure  of  the  tissues,  and 
with  more  or  less  solution  of  continuity.  The  hiemorrhages  which  occur  simul- 
taneously with  the  solution  of  continuity  may  also  be  regarded  as  a  direct 
effect  of  the  injury. 

In  injuries  made  by  a  sharp  instrument,  such  as  incised  or  punctured 
wounds,  tlie  disturbances  of  the  molecular  structure  of  the  tissues  are  fre- 
quently insignificant  and  limited  to  the  margins  of  the  wound.  Blunt  instru- 
ments, on  the  other  hand,  generally  destroy  a  considerable  extent  of  tissue, 
so  that  the  histological  structure  is  frequently,  but  by  no  means  always, 
considerably  alt^ired. 

Among  the  direct  effects  of  trauma  are  included  the  phenomena  of  the  reaction 
of  tfte  (frgani^Dh  These  vary  greatly  according  as  the  mechanical  actions  are  or 
are  not  accompanied  by  toxic  and  infective  influences.  It  is  acknowledged  that 
injury  of  the  skin  involving  solution  of  its  continuity,  and  also  many  injuries 
of  the  mucous  memltrancs  which,  like  those  of  the  intestine  and  the  cavities 
communicating  with  the  mouth  and  nose,  stand  in  close  relation  to  the  external 
world,  involve  the  danger  of  invasion  by  the  parasitic  micro-organisms  which 
cause  sepsis  and  suppuration.  The  result  of  the  injury  is  greatly  modified  by 
such  complications,  and,  under  some  circumstances,  even  life  itself  may  be 
threatened.  The  strong  antiseptics  so  frequently  applied  to  wounds  with  the 
best  results  for  the  destruction  of  those  microorganisms,  may  themselves  not 
only  disturb  the  course  of  healing  in  the  wound,  but,  when  absorbed  into  the 
blood,  may  even  prove  fatal.  We  therefore  distinguish  between  simple  injurws 
and  complicated  inju?ie^i  in  which  the  complications  are  due  to  the  entrance  of 
toxic  or  infective  agents. 

In  a  purely  general  consideration  of  the  question  it  is  only  the  simple 
injuries  which  are  suiU?d  for  the  study  of  the  reaction  of  the  organism  towards 
mechanical  an<l  thermal  injuries.  The  results  of  twic  and  infatitr  complica- 
tiuus^  on  the  other  hand,  will  be  deiilt  with  in  subsequent  chapters. 

The  first  reaction  to  simple  injury  invariably  appears  as  dvsturkiiK^is  of 
innenxilion  and  of  the  ciradatian. 

The  outer  surface  of  the  healthy  human  body  is  universally  provided  with 
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nerves,  and  cannot  be  injured  without  disturbance  of  innervation,  although 
this  15  not  invariably  painful.  This  disturbance  of  innervation,  however^  can 
not  always  be  easily  demonstrated  objectively.  In  many  cases  it  can  only  be 
deduced  from  the  disturbance  of  the  circulation.  This  disturbance  of  circula- 
tion is  constantly  seen  in  the  neighbourhood  of  the  injury  as  a  local  ciraUaloiy 
reaction^     This  is  accompanied,  in  many  cases,  hj  a  general  circulatorif  reaciion, 

as  was  first   observed    by    Heidenhain    and 
Gnitzner. 

Th€  general  rmdive  distwbanee  of  circula- 
tion^ which  ia  frequently  present  after  injuries, 
although  it  may  not  always  occur,  appears 
as  a  transitory  rise  of  pressure  in  the  aorta, 
the  course  of  which  is  graphically  represented 
in  Fig.  1. 

lu  the  first  sixteen  seconds  this  curve 
shows  the  regular  variations  in  blood-pres- 
sure which  depend  upon  the  pulse  and  respira- 
tion. From  the  sixteenth  second  onwards 
the  blood -pressure  rises  considerably  from 
about  110  to  200  mraa.  of  mercury,  wliile, 
at  the  same  time,  the  rate  of  the  pulse  is 
slowed  and  its  movements  made  irregular 
by  the  occurrence  of  several  very  great  pul- 
sations. Injuries  with  a  blunt  instrument 
may  also  occasionally  cause  similar  rises  of 
the  blood-pressure.  The  increase  in  pressure 
is,  mainly^  the  residfc  of  the  contraction  of  all 
the  systemic  arteries,  except  those  of  the  skin 
(Lov^n)  and  the  muscles  (Heidenhain).  Since 
the  flow  of  blood  into  the  capillaries  is  thus 
impeded  the  pressure  in  the  aorta  rises. 
The  rate  of  the  pulse  does  not  alter  when  the 
vagi  are  cut  through  at  the  same  time. 

It  is  clear  that  these  general  circulatory 
disturbances,  which  occasionally  occur  after 
injuries,  can  only  be  due  to  a  stimulation 
of  the  sensory  nerves  in  the  region  of  the 
injury  —  a  stimulation  which  acts  reflexly 
through  the  cerebro- spinal  nerve  centres  and 
affects  the  innervation  of  the  heart  and  blood 
vessels.  Similar  results  are  obtained,  how- 
ever, in  injuries  of  the  deeply  situated  parts, 
the  abdominal  muscles  or  intestine  of  rabbits 
and  dogs,  for  instance.  The  accompanying 
"^  '  '"  ^  fc  kymographic  curve,  which  has  been  reduced 

about  one  half,  exemplifies  this  {Fig.  2). 
Corresponding  observations  in  man  also  sometimes  show  a  similar  be- 
haviour of  the  pulse  and  of  the  blood-pressure,  so  far  at  least  as  may  be  inferred 
from  indirect  observation.  Not  a  few  cases  are  described  in  literatiue  in 
which  rupture  of  arteries  with  fatal  hcemorrhage  took  ]>lace,  and  that  too  in 
arteries  which  were  absolutely  removed  from  the  direct  or  indirect  mechanical 
actions  of  the  injur,v.     In  these  cases  the  arteries  were  admittedly  diseased  and 
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considerably  weakened;  but,  nevertheless,  the  coincidence  of  the  rupture  with  a 
distant  injury  is  distinct  evidence  that  in  man  also  there  may  bo  a  considerable, 
though  perhaps  not  invariable,  transitory  rise  of  pressure  in  the  aorta  after  an 
injury. 

The  hi-al  reactive  didurkince  of  circHlnimi  whicli  appears  in  the  neighbour- 
hood of  the  injury,  is  especially  important.  It  is  easily  recognised  by  the 
naked  eye,  tlirough  the  marked  redness  and  congestion  of  the  injured  part  and 
its  neighbourhood.  In  many  cases  this  redness  extends  a  considerable  distance 
into  areas  which  were  not  directly  exposed  to  the  miechanica!  or  thermal  action. 
This  is  very  noticeable  in  non-vascular  but  highly  nervous  parts,  such  as  the 
cornea.  In  sharply  circumscribe<l  injuries  of  the  centre  of  the  cornea  a  more 
or  less  distinct  redness  is  always  observed  in  the  portions  of  the  cotijunctiva 
and  sclerotic  immediately  round  the  cornea,  and  is  due  to  congestion  of  the 
blood-vessels  there.  The  first  local  reactive  disturbances  of  circulation  occur 
in  the  vascular  areas  which  nourish  the  injured  parts.  Occasionally,  this  circula- 
tory disturbance  extends  to  wider  areas,  and  may  sometimes  even  implicate 
vascular  areas  which  are  far  removed  from  the  site  of  the  injury,  but  which 
occupy  symmetrical  positions  on  the  opposite  side  of  the  body  (Ainiandale, 
Weir^Mitchell). 

The  question  arises,  how  are  we  to  explain  the  occurrence  of  this  local  re- 
active circulatory  disturbance  which  sets  in  after  injury  1 
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Fifi.  2.— Blood-prennnB  in  tlie  right  common  carotid  of  a  curajised  dog.  Between  a  and  h  the  iiitMtine. 
which  ha^l  been  dmwn  through  an  uitcnlng  in  the  nbdomliul  wkU,  wu  crushed.  Tha  ordinate  «how»  the 
blood-pressnrs  In  millitnetrwii  of  mercury ;  the  tbscjsca  the  time  In  leeoncls.  The  curve  Is  interrupted  to 
reduce  the  slxe  of  tlic  tigure. 

{a)  It  k  partly  hronght  ahmt  reflexhj.  The  sensation  of  pain  which  accompanies 
injury  is  caused  by  the  conduction  to  the  brain  of  the  local  irritation  of  the 
nerves.  Loven,  working  in  C.  Lud wig's  laboratory,  was  the  first  to  show  that 
irritation  of  the  central  end  of  a  divided  sensory  nerve  produced  changes  in 
the  nerve  centres  which  caused  rellex  dilatation  of  the  arteries  in  the  area  cor- 
responding to  the  peripheral  terminations  of  the  irritated  nerve.  It  is  true 
that  tlie  more  pennaneut  dilatation  of  those  arteries  is  sometimes  preceded  by 
a  very  transient  contraction — a  phenomenon  which  is  very  frequently  observed 
after  injuries.  Similar  appearances  are  noted  in  connection  with  nem-algias^ 
such  as  often  occur  in  the  pai-ts  supplied  by  the  fifth  nerve,  for  instance,  which 
are  generally  accompanied  by  redness  and  swelling  of  the  area  of  skin  supplied 
by  the  affected  nerve. 

An  exjieriment  by  Samuel  is  of  great  interest  in  connection  with  this  ques- 
tion. He  divides  one  sympathetic  nerve  in  a  rabbit  high  in  the  neck,  where- 
upon, as  is  known,  the  arteries  on  the  same  side  of  the  head  become  dilated 
and  those  on  the  opposite  side  become  contracted.  After  this  preliminary  the 
sensory  nerve  of  the  lobe  of  the  oar  is  cut  through  on  the  aide  on  which  the 
sympathetic  is  intact.  As  a  result  the  ear  becomes  anaemic  and  ansesthottc 
and  so  insensitive  Xq  scalding  with  Ixpt  water,  that  such  scalding  causes  only 
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trifling  dilatation.  The  local  circulatory  reaction  is  almost  completely  absent. 
Since,  however,  the  ear  reacts  freely  when  its  sensory  nerve  is  intact,  this  ex- 
periment (however  difficult  its  full  interpretation  may  be)  shows  that  the 
sensory  conduction  to  the  brain  is  of  great  importance  for  the  occurrence  of 
local  reaction  after  injury, 

{h)  It  can,  however,  l>e  proved  that  such  local  circulatory  reaction  oc€Ui"s 
even  when  the  sensory  conduction  is  destroyed.  [Many  of  the  older  experiments 
(Weber,  Buchheim)  made  on  portions  of  limbs,  separated  from  the  body, 
with  the  view  of  solving  this  question  have  no  real  bearing  on  the  subject, 
since  in  them  toxic  substances  were  employed  to  produce  local  injury,  and 
these  substances  either  caused  strong  diffusion  ciirrcnla  between  the  contents  of 
the  blood-vessels  and  the  tissues,  or  greatly  increased  the  permeability  of  the 
vessel  walls.  The  alterations  observed  in  the  blood  column  within  the  vessels 
in  such  cases  may,  to  a  great  extent  at  least,  be  ascribed  to  the  artificially 
induced  transudation  of  the  blood  plasma  into  the  tissues,  and  are  in  no 
way  due  to  changes  in  the  innervation  of  the  vessels.]  The  valuable  researches 
of  Goltz,  Putzeys  and  Tarchanoff,  ( Jstroumolf  and  Heidenhain,  Lepine,  Bern- 
stein and  others  have,  however,  laid  the  foundations  for  future  research  by 
their  demonstration  of  the  peripheral  vaso-raotor  nerve  centres  which  lie  in  the 
walls  of  the  vessels.  By  sending  a  stream  of  blood  through  excised  kidneys, 
Mosso  showed  that  the  local  nerve  centres  of  the  vessels,  when  directly  stimu- 
lated, could  pro<iuce  local  changes  in  the  calibre  of  the  vessels.  Simultaneously, 
Huizinga  published  some  investigations  of  great  value.  He  divided  all  the 
nerves  of  a  frog's  lower  limb.  If  he  then  injured  the  paralysed  limb,  the 
vessek  of  the  web  dilated,  sometimes  after  a  previous  contraction.  This  could 
only  be  explained  by  the  action  of  the  local  vaso-motor  nerve  centres  on  the 
vessels.  The  jwripheral  vaso-motor  iwnv  retttres  are  capable  of  produciiuf  local 
nuKfice  eirctdatort/  disturhawes  after  injury^  when  all  their  confudions  wUk  the  fierve 
centres  0/  the  hraiii,  the  spinal  wni,  ami  the  ffi/inpathetic  hmv  heen  dindcd. 

(r)  We  leani,  however,  from  the  experiments  of  Goltz,  that  the  excitability 
of  the  peripheral  vaso-motor  apparatus  is  dependent  upon  the  cerebro-spinal 
vaso-motor  centres.  This  dependence  is  shown  by  the  fact  tliiit,  after  the  con- 
nection between  the  two  portions  of  the  nervous  apparatus  of  the  vessels  has 
been  divided,  the  circulation  immediately  becomes  disturbed.  This  condition 
pei'sists  for  a  few  days  only,  and  then  the  peripheral  vaso-motor  centres,  which 
have  been  separated  from  the  f^crobro-spinal  centres,  are  so  modified  that  they 
can  now  perfectly  independently  restore  the  blood-stivam  in  the  vessels  they 
supply  to  its  normal  condition.  This  recovery,  however,  is  not  complete,  since 
the  peripheral  vaso-motor  apparatus^  which  has  been  separated  from  its  centre, 
shows  many  points  of  difference  in  the  way  in  which  it  reacts  to  injuries. 
Human  pathology  offers  many  ilhistrations  of  this.  In  many  diseases  of  the 
spmal  cord,  and  in  transverse  compression  especially,  variations  are  found  in  the 
course  of  the  local  circulatory  reaction  to  injury.  Thus,  slight  injuries  may 
cause  excessive  redness  and  congestion  of  the  vessels  in  this  neighbourhood,  or, 
on  the  other  hand,  the  reaction  may  be  compai-atively  slight.  It  is  an  open 
question  how  far  such  results  are  due  to  disturbances  of  the  reflex  vascular 
innervation,  and  how  far  to  changes  in  the  excitability  of  the  peripheral  vaso- 
raotor  centres.  It  is  evident,  however,  that  the  locid  circulatory  reaction  after 
injury  depends  ujion  the  condition  of  the  cerebro-spinal  vasomotor  centres,  and 
that  the  peripheral  vaso-motor  nervous  apparatus  mny  also  act  independently. 
From  what  has  been  said  above,  it  appears  that  among  the  dind  adions  of 
tratmiaiism^  injury  to  the  varrs  is  of  the  (fr^atcst  importance.     This  injury  to  the 
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nerves  at  the  site  of  the  lesion  is  eitlier  a  change  in  the  invisible  molecular 
structure  of  the  nerve  fibres,  or  oue  which  can  be  recognised  under  the  micro- 
scope. Each  change  in  the  molecular  structure  of  the  nerve  causes  a  change 
in  its  excitability  which  is  termed  "  nerve  irritation ''  by  physiologists.  This 
irritation  is  frequently  more  or  less  painful,  and  is  perceived  smbjectively  as 
pain.  The  disturbance  of  the  innervation  of  the  vessel  wall,  however,  is  to  be 
clearly  distinguished  from  the  sensation  of  pain.  The  former  also  is  partly 
caused  by  the  direct  action  of  the  injury  to  the  vaso-motor  nerve  apparatus 
contained  in  the  injured  area.  Tlio  disturbance  of  vaso-motor  innervation, 
however,  is  seldom  strictly  limited  to  the  area  directly  affected  by  tlie  injur)\ 
since  the  nerve  irritation  both  directly  and  rettexly  alters  the  excitability  of 
the  vaso-motor  centres  in  the  walls  of  the  neighbouring  arteries,  and  thus  causes 
the  loca!  circulatory  reaetioo.  It  has  already  been  mentioned  that  a  reflex 
general  circulatory  disturbance,  a  transitory  increase  of  pressure  in  the  aorta, 
is  sometimes  caused. 

In  many  cases,  however,  there  are  other  factors  in  the  causation  of  this  local 
reaction,  among  which  the  changes  in  ike  pressure  mihin  ike  ti$Sii^,%  and  the 
disturbaiuYs  of  the  moldcular  and  huiolo<jkal  strudure  of  the  vessel  miUs^  require  to 
be  specially  considered. 

(d)  The  pressure  which  exists  in  the  parenchyma  of  organs  and  in  the  tissues 
generally,  must  be  attributed  to  the  passage  of  the  constituents  of  the  blood 
plasma  into  tlie  tissue  spaces— that  is,  to  the  processes  of  transudation  and 
exudation  which  occur  in  all  physiological,  and  in  most  pathological,  condi- 
tions. The  pressure  in  the  tissues  of  the  various  organs  in  the  human  body 
differs  greatly ;  it  is,  as  a  mle,  greater  in  those  that  have  a  firm  c«ipsule,  such 
ae  the  kidney  and  the  contents  of  the  cranium.  It  is  probably  less  in  organs 
M'hose  capsule  is  loose  and  non-resistant,  and  in  the  loose  cellular  tissue  which, 
in  many  cases,  is  interposed  between  organs.  Injary  may  raise  the  pressure 
in  the  tissues  by  causing  changes  which  involve  long-contimted  compression,  or 
lower  the  pressure  by  opening  up  the  tissue  spaces  through  solution  of  their  con- 
tinuity, and  thus  providing  free  escape  for  the  tissue  fluids  and  transudations. 
It  not  infrequently  happens,  also,  that  the  firm  capsules  of  the  organs  are  de- 
stroyed or  ruptured.  In  so  far  as  the  tissue  pressure  acts  upon  the  outer  aide  of 
the  walls  of  the  vessels,  however,  it  helps  to  maintain  the  equilibrium  of  the 
blood-pressure.  The  himen  of  the  blood-vessels,  especially  the  capillai'ies, 
must  therefore  dilate  if  the  tissue  pressure  is  diminished,  and  contract  if  it  is 
increased,  since  the  walls  of  the  vessels  are  elastic.  It  must  further  be  mentioned 
that  the  processes  of  transudation  and  exudation  are  dependent  upon  the  differ- 
ences of  pressure  which  act  on  the  inner  and  outer  sides  of  the  capillary 
wall.  Every  marked  increase  of  this  difference  in  pressure  increases,  while 
every  considerable  diminution  lessens,  the  transudation  and  exudation.  All 
these  factors  uecessaiily  influence  the  development  of  local  circulatory  reaction 
after  injury.  Inasmuch,  however,  as  the  disturbances  dependent  upon  changes 
ill  the  tissue  pressure  vary  greatly,  according  to  the  special  characters  of  the 
injury  and  the  organ  implicated,  they  are  not  of  such  great  general  importance 
as  are  the  disturbances  of  innervation. 

(e)  Among  the  direct  effects  of  injury  more  or  less  definite  changes  very 
frequently  occur  in  the  histological  or  molecular  structure  of  the  vessel  wall.  If 
these  changes  involve  solution  of  continuity  of  the  vessel  wall,  they  give  rise  t<» 
hiemorrhages  into  the  connective  tissue  spaces,  on  the  surface  of  the  wound  and 
into  the  serous  caiiities.  These  hiemorrhages  have  already  been  discussed  in 
the  beginning  of  the  chapter  as  among  the  first  noticeable  appearances  which 
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may  be  regarded  as  direct  results  of  the  injury.  It  may  occur,  however,  that 
the  vessel  wall  experiences  a  change  in  its  condition,  although  there  is  no 
solution  of  its  continuity,  by  which  it  becomes  more  permeable  and  allows  the 
plasma  to  pass  through  to  the  surrounding  tissues  in  nauch  greater  quantity. 

lucrreu  <}f  the  permi<dnUtij  of  the  fas$d  tmlls  occurs  both  in  mechanical 
and  thermal  injury.  Toxic  and  infective  agents  especially  have  a  similar  etfect, 
aa  will  afterwards  be  shown.  Since,  however,  the  plasma  passes  thraugh  to 
the  tissue  in  great  quantity,  it  may  hnppen  that  the  blood  corpuscles  accu- 
mulate within  the  vessels  to  such  an  extent  that  the  blood-flow  is  arrested. 
The  blood  loses  nearly  all  its  plasma  and  becomes  converted  into  a  dark-red, 
immobile  mass  which  can  no  longer  be  propelled  by  the  vis  a  tergo  of  the 
heart,  but  comes  to  a  standstill  within  the  vessels  (sfims).  If  the  increase 
of  i>ermeability  be  not  so  great,  the  blood-flow  may  not  be  completely  arrested ; 
but  the  blood,  having  lost  a  great  part  of  its  plasma,  is  less  easily  moved,  while 
the  increase  in  its  cells  considerably  heightens  the  internal  frictional  resistance 
in  the  moving  fluid.  The  result  is  a  striking  diminution  in  tfw.  rate  of  flow  of  ih^ 
hlooii  throwifh  (he  injured  area. 

This  diminution  in  the  rate  of  flow  of  the  blood  may  be  considerable  or 
Blight  In  the  former  case  the  vessels  of  the  living  tissues  are  observed  to 
lose  the  mrrmal  dlmsion  of  tfte  hloothstnam  into  the  red  a^ial  stream  camjing  the  cellst 
QTuI  the  colourless  marffinal  zone  of  plasma  without  cells.  The  red  blood  cor- 
puscles fill  the  entire  transverse  section  of  the  vessel,  the  white  corpuscles  being 
irregularly  mixed  with  them.  //,  Jwwever^  the  diminution  of  the  rate  of  the  blood- 
stream he  ordy  slight^  the  red  blood  corpuscles  remain  collected  within  the  red 
axial  stream.  By  virtue  of  tlieir  lower  specific  gravity,  however,  the  wliite 
corpuscles  pass  into  the  marginal  plasma  zone  which  has  hitherto  been  free 
from  cells.  A  marginal  arrangement  of  white  corpuscles  thus  takes  pface.  These 
latter  come  into  close  contact  with  the  vessel  walls,  and  then  pass  tlirough  theni 
into  the  neighbouring  tissues — ^a  process  which  has  been  called  the  emigration  of 
white  corjtiL^idefi  (TValler,  Cohnheim).  It  is  not  yet  clearly  determined  as  regards 
the  purely  mechanical  and  thermal  injuries  ol  the  vessel  wall,  of  which  we 
are  now  speaking,  whether  the  change  in  the  permeability  of  the  vessel  wall 
is  purely  molecular,  and  consists  exclusively  of  a  disturbance  in  the  arrange- 
ment of  the  iiu-isible  physical  molecules  of  which  we  suppose  the  tissue  of 
the  vessel  wall  to  be  made  up,  without  the  occurrence  of  a  simultaneous  dis- 
turbance of  the  histologicjil  structure.  In  other  similar  processes  histological 
changes  have  been  observed  in  the  endothelium  of  the  vessel  walls,  as  will  be 
learned  from  the  special  consideration  of  the  subject  in  Chapter  YIIL,  and 
it  has  been  proved  that  the  leucocytes  pass  out  hctwcai  the  endothelial  cells 
only.  The  cement  substance  between  the  endothelial  cells  appears  to  be  widened 
as  a  rule. 

Attention  must  here  he  drawn  to  the  fad  that  the  leucocytes  make  their  way 
through  normal  vessel  walls  in  (/not  numbers  if  from  any  eait^e  whatsoever^  the 
blfxxl-stream  is  so  retarded  as  t&  give  rise  to  the  fnargiiial  arraTigement  of  the  white 
corpuscles  in  the  blood-stream.  This  is  clearly  proved  by  experiments  on  living 
animals,  as  will  afterwards  be  described. 

It  will  be  observed  that  tlie  local  circulatory  reaction  caused  b3^  injury  is  by 
no  means  a  very  simple  phenomenon.  To  superfidal  observation  and  to  the 
naked  eye  it  shows  little  that  is  peculiar.  The  injured  part  is  distinguished 
by  raln^.-is  and  by  swelling,  the  latter  being  the  result  of  increased  transuda- 
tion which  distends  the  connective  tissue  spaces.  If  to  those  are  added  pain 
and,  finally,  the  marked  increase  in  lieai  which  sometimes  occurs  in  the  injured 
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part  after  injury  to  the  skin,  we  have  all  the  cardinal  symptoms  of  infiammaiion 
which  were  known  to  the  ancient  Koman  writers,  viz.  nibor,  tumor,  calor,  dolor. 
The  signilicaiice  of  this  conception  of  inflammation  will  be  more  thoroughly 
investigated  in  a  subsequent  chapter,  when  all  the  local  diseases  are  reviewed 
(Chap.  X.)  At  present  it  appears  important  to  point  out  that  heat  (calor)  can 
only  be  demon.'^trated  on  the  surface  of  the  body,  and  is  always  preceded  by  an 
increase  of  the  How  of  the  warmer  blood  from  the  heart  through  the  injured 
area.  Oxidation  processes  occur  in  most  tissues,  but  we  have  not  been  able  to 
show  that  they  are  increased  in  the  area  of  a  so-called  inflammatory  focus. 
The  term  inflammation  is  therefore  merely  metaphorical,  and  has  no  demon- 
strable relation  to  the  oxidation  processes  in  the  tissues. 

After  these  considerations  the  ijuestion  still  remains  to  be  answered, 
whether  the  local  cirmktiorif  read  tan  muaed  by  injur  tj  €(m  cwrrcisc  any  reaction 
on  the  general  drcukdlon.  This  question  may  be  decided  in  the  nega- 
tive for  injuries  of  small  local  extent,  since  the  transitory  augmentations  of 
pressure  after  injuries,  which  have  already  been  mentioned,  are  not  reactions 
due  to  the  local  disturbance,  but  are  the  results  of  the  nerve  irritation  caused 
by  the  injury,  which  produces  reflex  disturbances  of  the  heart  and  blood- 
vessels. 

When,  iiowever,  the  local  circulatory  reaction  after  injury  extends  over  a  large 
area,  its  reaction  on  the  blood-pressure  in  the  systemic  circulation  may  easily 
be  demonstrated.  If  the  aUlominal  cavity  of  a  dog  or  rabbit  be  opened  by 
a  small  incision  and  a  coil  of  intestine  drawn  out,  marked  redness  occurs  in 
this  coil  and  in  the  fold  of  mesentery  belonging  to  it.  The  peritoneal  vessels 
are  dilated,  and  the  rate  of  the  blood-stream  in  them  is  considerably  increased. 
This  disturbance  is  limited,  however,  to  the  coil  extracted,  and  a  manometer 
inserted  into  the  carotid  of  the  animal  shows  no  change  in  the  height  of  the 
arterial  pressure.  It  may,  perhaps,  be  assumed  that  some  arteries  will  be  some- 
what contracted  as  a  result  of  the  increased  flow  of  the  blood  to  the  extracted 
coil  of  intestine,  or  that  the  heart  \vill  work  a  little  harder,  A  reaction  in 
one  or  other  sense  cannotj  however^  bo  demonstrated,  because  the  local  dis- 
turbance is  too  slight  in  relation  to  the  whole  circulation. 

The  residt  is  different,  however,  if  the  abdominal  walls  are  divided  in  their 
entire  length  and  the  greater  part  of  the  abdominal  contents  exposed.  Micro- 
scopically, the  same  changes  as  before  are  seen  in  the  peritoneum,  only  to  a 
very  much  greater  extent.  We  now  find  a  marked  diversion  of  the  blood- 
stream into  the  large  abdominal  arteries.  The  congestion  of  the  latter  is  much 
greater  becau-so  it  is  due  not  merely  to  mechanical  action  of  the  ti'aumatism,  i.e. 
the  traction  on  the  intestines,  but  also  to  the  removal  of  the  pressure  of  the 
abdominal  walls  on  the  blood-vessels,  and  to  the  irritation  of  the  peritoneum 
by  the  action  of  the  air  or  of  the  physiological  salt  solution  which  has  been 
applied  to  the  peritoneum  to  prevent  it  drying.  These  act  together  in  causing 
marked  dilatation  of  the  vessels  and  considerable  increase  in  the  rate  of  flow 
of  the  blood  passing  through  the  branches  of  the  larger  abdominal  arteries. 
The  manometer  fastened  iw  the  carotid  of  the  animal  experimented  on  shows 
considerable  diminution  of  pressure  in  this  case. 

C.  Ludwig,  Cyon,  and  Gutsch  were  the  first  to  describd  this  diminution 
of  aortic  pressure  after  the  free  and  long-continued  exj>osure  of  the  abdominal 
cavity  in  rabbits,  and  I  can  substantiate  these  facts.  Although  Gutsch,  how- 
ever, draws  conclusions  from  these  exi>enments  on  rabbits  as  to  the  behaviour 
of  the  blood-pressure  after  extensive  incisions  of  the  abdominal  cavity  in  man, 
I  must  raise  the  objection  that  the  same  result  docs  not  occur  in  dogs.      I 
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make  this  statement,  not  on  the  strength  of  o^^casional  observations,  but  from 
a  series  of  123  experiments  on  warm-blooded  animals,  in  thirty -six  of  which  the 
blood-pressure  was  registered  by  manometer  during  microscopic  examination  of 
the  circulation  in  the  mesentery.  After  the  abdominal  cavity  in  dogs  has  been 
freely  opened,  there  is  either  no  fall  at  all  in  the  aortic  pressurCj  or  it  passes 
off  in  fifteen  to  thirty  minutes.  In  agreement  with  this  there  is  the  fact  that, 
in  dogs,  the  arteries  of  the  exposed  intestine  again  contract  after  the  prelimin- 
ary dilatation,  even  although  they  never  regain  their  original  calibre  ;  and  it 
is  found  in  like  manner  that,  in  dogs,  the  rate  of  flow  in  the  vessels  of  the 
exposed  peritoneum  is  increased  for  only  a  short  time. 

What  course  these  disturbances  take  in  man  haa  not  yet  been  closely 
investigated.  As  far  as  regards  naked -eye  observation,  however,  the  peri- 
toneum in  man  behaves  in  much  the  same  way  as  in  dogs,  as  I  learn  through 
the  courtesy  of  my  colle^ue,  Dr.  Kiistner.  Not  only  does  it  become  red  after 
exix>aure,  but  it  also  becomes  covered  with  numerous  small  bajmorrhages  in  the 
course  of  one-half  to  one  hour.  This  also  applies  to  the  peritoneum  of  tlic  dog, 
while  in  the  rabbit,  even  after  long  exposure,  the  peritoneum  shows  only  a  few 
haemorrhages. 

These  experiments  show  that  the  reactive  circulatory  disturbances  which 
occur  after  injui-ies  involving  a  very  large  area,  certainly  tend  to  cause  a  fall  of 
arterial  pressure  and  thus  to  produce  general  circulatory  disturbances.  At 
the  same  time,  however,  we  gather  that  such  a  reaction  cannot  as  yet  be 
demonstntted  with  certainty  in  man.  This  lack  of  experimental  evidence  is 
of  course  due  to  the  fact  that  wo  do  not  as  yet  possess  any  reliable  methods, 
free  from  difficulty  and  danger,  for  determining  blood-pressure  in  man. 

After  this  brojid  statement  of  the  local  and  general  circulatory  disturbances 
occurring  after  injuries,  it  is  advisable  to  subject  tlie  local  traumatic  circulatory 
disturbances  to  a  more  exact  microscopical  analysis,  and,  more  especially,  to 
obtain  some  direct  evidence  as  to  the  behaviour  of  the  blood-stream  in  the  capil- 
laries. In  so  doing  we  must  resort  to  experiments  on  living  animals.  These 
reveal  many  new  and  important  facts. 

I.  In  the  first  place,  Ih-  acitou  of  a  purely  mecfmnkul  injury  will  be  investigated. 

If  the  mouth  of  a  curarised  frog  be  opened,  the  tongue  is  seen  lying  on  its 
floor  as  a  pale,  ap]»arently  anaemic  organ.  If  the  tongue  be  pulled  cautiously 
forward,  the  distribution  of  the  larger  vessek  may  be  recognised  (Fig.  3). 

While  the  tongue  is  being  spread  out,  however,  on  a  suitable  glass  slide, 
and  while  it  is  being  transfixed  with  needles  to  make  it  secure^  the  organ  begins 
to  redden  actively.  Gentle  friction  of  the  tongue  with  the  finger  leads  to 
more  marked  dilatation  of  the  vessels,  so  that  the  finer  arterial  and  venous 
branches  become  visible  and  the  mucous  membrane  assumes  a  diffuse  faint  red 
tint  (Fig.  4). 

(Strong  tcnaion  of  the  tongue  in  the  tranaverw  direction  should  be  carefully  avoided,  since 
this  compresses  the  telns.  It  is  also  advisable  to  protect  tho  tongue,  which  rests  upon  the 
special  glass  slide  which  I  devised,  by  means  of  a  cover-glaas,  in  order  to  jireserve  it  from 
farther  damage.     The  frog  lies  on  its  abdomen. ) 

The  protrusion  of  the  tongue  and  its  extension  on  the  object-glass  act  as 
an  injury,  the  influence  of  which  may  be  considerably  increased  by  mechanical 
friction.  The  local  circulatory  reaction  which  follows  appears  to  the  eye  as 
redness  and  dilatation  of  the  vessels.  The  microscope,  however,  shows  a  vigor- 
OUB  stream  in  the  dilated  vessels,  and  a  series  of  such  experiments  easily  con- 
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viuces  us  that  the  quantity  of  blood  which  flows  throv^fh  ths  hnffw  tfi  a  gwm  Hme  ii 
mnsldemhhj  increused^  in  proportt&n  to  the  severity  of  the  injury  and^  therefore^  to 
tlw  eo'tejit  of  the  vascular  di!iitaii<m.  It  is  observed  that,  at  the  same  time,  not 
only  the  blood  in  the  arteries,  but  also  that  in  the  capillaries  and  small  veins, 
shows  more  or  less  distinct  pulsation.  This  is  not  seen  in  the  normal  blood- 
stream. If  the  friction  of  the  tongtie  be  repeated  at  long  intervals,  or  if  it  he 
pinched  witb  forceps  or  stimulated  by  the  induced  electric  carrent,  the  vascular 
dilatation  increases,  sometimes  after  a  slight  preliminary  contraction,  especially 
in  the  dilated  vascular  network  of  the  tongue  in  which  this  greatly  increased 
quantity  of  blood  is  flawing.  Great  inequalities  in  the  rate  of  flow  of  the 
blood-stream  are  to  be  found,  however,  in  the  smaller  arterial  branches.  In  most 
of  the  capillaries  the  rate  of  flow  is  increased,  and  so  also  is  that  in  many 
arteries  and  veins.     Although  it  may  be  assumed  that,  under  normal  conditions. 
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Pioa.  I  Aja>  4.— Frog's  tongue  enlunged  three  times,  «rt*rica  marked  A ;  veins,  V.  Fig.  B,  Dlagniinmatlc  repre- 
•eatfttioo  of  vowdB  on  witbdm-waj  of  tongue  from  motith.  Fig.  4,  DiUtfttkm  of  tlie  tmboIs  after  tongue  has 
tM«&  Btretehed  OB  glAM  slide  and  g«utly  rublwd  with  fh.«  fluger. 

the  distribution  of  the  blood  in  tho  capillary  areas  of  the  tongue  is  almost; 
equal,  or  at  least  shows  no  great  differences,  the  same  does  not  apply  to  the 
tongue  when  extended  on  the  slide.  In  this  case  some  small  contnicted 
arterioles  are  always  found  whose  capillaries  are  loss  freely  supplied  with  blood, 
and,  apart  from  those  alight  disturbances  in  tho  influx  of  blood,  there  are 
always  capillaries  and  veins  among  those  which  are  dilated  in  which  the  stream 
is  slow,  since  the  greater  part  of  the  blood  seeks  the  shortest  route  between  the 
chief  arteries  and  veins.     The  uniform  distribution  of  the  blood  is  disturbed. 

In  ifiose  vessels  in  which  the  streajn  is  dmved^  tfte  phenanienon  of  tite  vmrgiwd 
position  and  emiffrati&fi  of  tfte  white  blood  cmpascUs  is  developed  with  mrrcsjHmditig 
rcgidanttj  (Flat«  I.,  Fig.  c).  This  ob.servation  is  worthy  of  note,  since  ifc  is 
often  observable  inmiediatcly  after  the  tonguo  is  extended,  even  when  all  fric- 
tion of  the  organ  is  avoided.  From  this  it  would  appear  that  the  margiiud 
pasUion  and  emigration  of  th^  white  corpitsdes  appeur  when  no  other  iiijlucnce  beyond 
that  of  the  vascMtiotor  disturbance  is  operating. 
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Cohnheim  held  the  opinion  that  a  great  emigration  of  the  white  hlood 
corpuscles  was  always  the  result  of  previous  increase  in  the  permeability 
of  the  capillary  walls.  The  conditions  observed  during  the  experiment  do 
not  at  all  justify  such  a  supjiosition.  Nor  can  we  demonstrate  any  changes 
in  the  permeability  of  the  vessel  walls  by  tlie  customary  method  of  inject- 
ing the  vessels  with  solution  of  nitrate  of  silver  or  Berlin  blue,  as  will 
afterwards  be  discussed.  As  regards  its  perqneability,  the  vessel  wall  has 
shown  itself  unaltered  toward  all  the  kno'im  media  that  can  bo  employed  to 
demonstnite  it. 

If  the  experiment  be  continued,  it  is  noted  that,  in  a  short  time,  if  the 
tongue  is  not  further  interfered  with,  the  vessels  contract  slightly.  Simul- 
taneously with  this  the  rate  of  flow  of  blood  in  the  capillaries  and  veins  undoi^ 
goes  a  diminution,  which  is  more  marked 
in  the  veins,  since  these  are  almost  as 
ranch  dilated  as  before.  The  tongue 
itself,  however,  shows  slight  swelling. 
It  appears  thicker  than  before.  This 
is  only  very  slightly  due  to  the  fact  that 
the  blood-pressure  in  the  capillaries  has 
also  been  increased  because  of  the  dila- 
tation of  the  vessels,  and  that  the  trans- 
udation has  been  thereby  increased. 
The  chief  cause  is  that  the  extension  of 
tlie  tongue  hinders  the  tlnw  of  lymph 
from  the  organ,  even  when  the  precaution 
is  taken  of  placing  the  raicrosco|>e  and 
glass  slide  oblicjuely,  so  that  the  tongue 
is  the  highest  part  of  the  body  and  the 
flow  of  the  lyraph  is  favoured  by  gravity. 
(For  this  purpose  a  microscope  is  required, 
in  which  the  upper  part  with  the  stage 
can  be  bent  at  an  angle  with  the  stand.) 

In  this  second  pfriod  of  disturhaiice  the 
dowiivj  of  the  blood-slream  occurs  in  by  far 
the  (jreaUr  number  of  the  cajnlUirvu^  and 
rciM.  The  result  is  that  the  numjimil 
jKfsiii'm  and  emifji'ation  of  tfu^  whiic  o/rpusdcs 
bccomr  ^till  more  murkrd. 

In  about  three  hours,  reckoning  from  the  beginning  of  the  experiment,  the 
veins  also  contract.  The  blood-stream  in  them  again  becomes  accelerated,  the 
marginal  distribution  of  the  leucocytes  in  the  blood-stream  disappears  accord- 
ingly, while,  at  the  same  time,  some  white  blood  corpuscles  are  still  to  be  found 
in  the  walls  of  the  veins  in  the  act  of  emigrating  (PI.  I.,  Fig.  d). 

We  can  also  convince  ourselves  that  at  those  places  through  which  so  many 
white  corpuscles  have  passed,  red  corpuscles  pass  through  in  the  same  manner. 
The  eniigrating  white  corp^tsck^  ct^idrntli/  widrn  the  spaces  between  the  endoiheluU 
crJls  and  so  cause  an  increase  of  the  permentnlUij  of  tlie  vessel  tvalL%  ivhijch  allows  the  red 
corpuscles  to  pass  thrmtgh  also.  This  alteration  can  be  demonstrated  by  the 
iijjection  of  the  vessel  with  a  0'3  per  cent  solution  of  nitrate  of  silver  at  a 
constant  pressure  of  6  cm.  of  mercury,  and  takes  the  form  of  a  pnnctiform 
%ndening  of  the  cement  substance  between  the  margins  of  the  endothelial  cells, 
which  is  stained  black  by  the  silver  solution  (Fig.  5). 
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During  the  fiirtber  course  of  the  experiment  the  last  traces  of  the  emigi-ation 
disappear  from  the  majority  of  the  veins  and  capillaries,  because  of  the  increased 
rate  of  the  blood-stream.  As,  however,  the  Innervation  of  the  vessels  of  the 
tongue  is  permanently  injured  by  its  extension,  and  a  slight  dilatation  of  the 
vessels  is  maintained,  a  careful  search  will  always  reveal  some  capillaries  ami 
veins  in  which  the  stream  is  slowed^  as  a  result  of  the  unequal  distribution  of 
the  bloody  and  where  the  marginal  arrangement  and  emigration  still  go  on  to 
a  limited  extent.  This  condition  remains  unaltered  during  the  first  day. 
Later,  after  some  days,  further  disturbances  certainly  become  noticeable  which 
seem  to  depend  upon  a  great  development  of  fungi  in  the  mucus  which  covers 
the  tongue.  For  this  reason,  it  is  only  the  time  immediately  following  the 
adjustment  of  the  tongue  which  is  of  any  real  importance  as  regards  the  purely 
mechanical  disturbances.  During  this  early  stage  the  changes  described  may  be 
referred  exclusively  to  the  effect  of  the  mechanical  irritation  of  the  nerves  of  the 
tongue,  and  to  tlie  consequences  of  the  mechanical  tension  of  the  organ.  In 
this  period  fungi  are  neither  more  nor  less  numerous  on  the  surface  of  the 
tongue  than  on  that  of  a  normal  one.  It  is  not  conceivable  that  the  short  time 
required  for  the  adjustment  of  the  tongue  is  sufficient  to  allow  them  to  exert 
any  effect,  especially  if  we  are  convinced  that  the  epithelium  of  the  tongue 
has  been  preserved  intact. 

Thmc  purely  meckimatl  injuries  give  rise  to  local  reactive  disturhances  of  the  cir- 
nihition^  ami  this  by  imans  of  the  vaso-molar  nervrms  apparatus.  This  is  also  con- 
lirmed  by  the  fact  that  the  same  reddening  is  obsei'ved  when  the  tongue  is 
allowed  to  lie  quietly  on  the  floor  of  the  mouth  and  only  small  portions  of  its 
margins  are  irritated  by  pinching  with  forceps.  The  most  remarkable  fact 
obtained,  however,  is  that,  even  in  the  first  stages  of  the  distuTba7ic€,  wlien  tfie  vessel 
walls  sitow  perfectly  n^wal  c^iidifians  as  reffards  their  penneubility^  a  marginal 
arrangemeni  of  the  white  blmd  corpitscl-es  in  the  blood-stream  beghi^  and  also  an  emigra- 
tion ;  and  tJiat  this  emigration  of  tht.  leucocytes  makes  the  vessel  wall  so  much  more 
permeable  after  a  iini£j  tluit  red  blond  coipuscks  also  pass  out  into  the  tiss^ues. 

It  has  been  said  earlier  that,  in  many  cases,  injuries  may  influence  the 
penneability  of  the  vessel  walls.  The  results  of  such  occurrences,  which  are 
present  in  simple  mechanical  contusions,  may  be  also  veiy  clearly  traced  in 
thermal  injuries,  such  as  scalds. 

IL  If  the  frog's  tongue  be  stretched  on  a  suitable  glass  slide  and  protected 
hy  a  cover-glass  in  the  same  way  as  before,  and  all  unnecessary  mechanical 
irritation  avoided,  and  if  a  small  quantity  of  a  J  per  cent  salt  solution,  heated 
to  5S°  C,  be  allowed  to  How  from  a  pipette  over  the  cover-glass,  a  slight  scald 
is  produced.  The  blood-vessels  of  the  tongue  immediately  dilate  to  a  great 
extent.  The  blood-stream,  accelerated  at  first,  soon  becomes  very  slow,  while, 
at  the  same  time,  the  organ  swells  greatly.  Since  a  great  amount  of  fluid 
transudes  from  the  blood  into  the  tissues,  the  cells  in  the  capillaries  and  veins 
become  very  closely  crowded  together.  Half  an  hour  after  the  scalding  a 
homogeneous,  nearly  immovable  red  column  of  blood,  almost  free  from  plasmn, 
is  seen  in  many  capillaries  and  veins  (stasis).  In  the  other  vessels  also  the 
blood  has  very  little  plasma  and  moves  very  slowly,  for  the  obvious  reason 
that  the  loss  of  plasma  from  the  blood  considei*ably  increases  the  intenuil  fric- 
tional  resistance  to  the  blood-stream.  At  the  same  time  many  red  corpuscles, 
together  with  a  few  leucocytes,  also  pass  from  the  ii^essels  into  the  tissues 
(diapedesis,  Fig.  6).     Here  they  form  pimctiform  haemorrhages  or  ecchymoses. 

This  experiment  shows  that  tliermal  injury  also  cuuses  dilatation  of  tlie  vessels^ 
but,  at  the  same  tinUy  so  increases  the  permeahility  of  the  tessd  walls,  that  the  loss  of 
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plasma  makes  if  uwu  diffiruH  for  the  blood  to  fiou\   and  </■  '  .  first  in  slovfing 

and  thai  to  arrtd  of  its  current,     Thi  increase  of  tlie  perv  thr  vessel  waU 

k  fuTih;r  manifeMed  hi/  the  grtai  diapedesis  of  the  red  blood  cdis  into  tiw  fusfrucs. 

It  is  possible  to  cause  still  more  marked  tlisturbances  by  the  application 
of  heat  without  directly  producing  local  death. 

If  the  anterior  third  of  the  frog's  tongue  which  is  stretched  upon  the  glass 
slide  be  dipped,  uncovered,  into  a  |  percent  salt  solution  at  53'  C,  an  excessive 
dilatation  of  all  the  vessels  throughout  the  entire  tongue  follows  almost  imme- 
diately, and  this  vi*scular  dilatation  reaches  its  maximum  in  the  scalded  area. 
The  microscope  shows,  after  a  cover-glass  has  been  put  on,  that  a  moderate 
accelei*ation  of  the  stream  occurs  at  the  same  time.  This  lasts  for  a  very  sbort 
time,  however,  within  the  area  of  the  direct  action  of  the  injury,  viz.  the  anterior 
third  of  the  tongue.      The  blood-stream   is  slowed  soon   afterwards  by   the 
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Fiu.  «$,— frog's  toiigiw  after  a  slight  wuM. 
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twenty -four  houn  aftrr  wren  Mmld 
of  the  anterior  thirU  of  the  tongue,  X  3. 


increasing  dilatation  of  the  vessels,  and  the  blood  in  the  capillaries  rapidly  loses 
its  plasma.  Three  hours  aflerwards  a  motionless  red  column  of  blood,  almost 
homogeneous  and  nearly  free  fi'om  plasma,  is  to  be  found  in  many  of  the  vessels 
of  the  anterior  third  of  the  tongue ;  only  a  very  slight  diapedesis  of  the  rod 
blood  corpuscles  from  the  vessels  can  be  seen. 

Twenty-four  hours  later  the  tongue  has  the  appearance  represented  in  Fig. 
7.  The  blood-vessels  of  the  anti^rior  third  are  congested  and  an  influx  of 
blood  to  this  part  from  the  arteries  can  be  demonstrated.  In  the  capillaries 
and  veins^  however,  the  homogeneous,  red  column  of  blood  without  plasma  hw 
come  to  a  standstill.  The  posterior  portion  of  the  tongue  shows  active 
circulation-  Between  the  anterior  and  posterior  portions  there  is  a  narrow,  pale 
zone,  mthin  the  area  of  which  the  arteries  and  veins  are  unusually  strongly 
contracted. 

In  this  experiment  also  there  is,  as  a  result  of  the  scald,  in  addition  to 
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extreme  dilatation  of  the  vessels,  a  considerable  increase  of  tlie  permeability  of 
the  vessel  wall  which,  in  a  very  short  time,  deprives  the  blood  in  the  capillaries 
of  all  its  plasma,  and  so  brings  the  movement  of  the  blood  to  a  standstill.  It 
appears,  however,  that  the  diapedesis  of  the  red  corjiuscles  from  the  vessels  is, 
in  this  case,  relatively  slight,  although  the  severe  character  of  the  injury 
induced  is  shown  by  the  fact  that  the  ant^irior  third  of  the  tongue  necroses  in 
consequence  of  the  continued  stasis  of  the  blood,  and  sloughs  off  after  a  few 
days.  Here  for  the  first  time  we  are  met  by  the  fact,  which  will  afterwanls 
repeatedly  be  mentioned,  that  the  increme  in  tk^  permeability  of  the  tvalh  of  the 
tfesselsj  urhkk  is  so  exirenu^li/  important  in  many  pathological  processes^  shout's  not 
only  qmTntifativc  but  also  qufiUtaiivc  duingcs. 

In  spite  of  the  severe  injury,  the  vessel  walls  in  this  experiment  prevented 
the  egress  of  the  red  corpuscles,  which  in  the  earlier  experiments  reached  the 
tissues  in  great  numbers. 

According  to  these  experiments  direct  damage  to  the  vessel  wall  may  not  in- 
frequently be  demonstrated  in  mechanical  and  thermal  injuries,  as  well  as 
the  vaso-motor  disturbance.  The  former  is  certainly  very  much  less  import- 
ant in  all  purely  mechanical  injuries.  Direct  damage  to  the  vessel  walls 
is  of  great  importance  in  such  cases  only  as  are  complicated  by  solution  of  con- 
tinuity and  exposure  of  the  deep  parts.  In  addition  to  the  mechanical  action 
of  the  trauma  there  is,  in  this  case,  also  the  action  of  the  chemical  influence  of 
the  air,  evaporation,  the  disintegration  products  of  the  shed  blood  and  any 
foreign  fiiiids  with  which  the  tissue  may  come  in  contact.  We  may  be  uncer- 
tain whether  these  actions  are  to  be  called  toxic,  but  in  any  case  we  have  to  deal 
with  chemical  influences  which  are  so  frequently  present  in  injuries  that  they 
cannot  be  overlooked.  Their  actions  may  be  easily  studied  by  exposing  the 
peritoneum. 

III.  Cohnheim's  very  important  observations  were  made  on  the  mesentery 
of  the  frog,  but  it  seems  more  suitable  to  trace  the  same  processes  in  warm- 
blooded animals,  since  the  improved  methods  of  investigation  now  enable  this 
to  be  done.  I  pointed  out,  long  ago,  that  results  could  be  obtained  in  this 
way  which  agreed  with  Cohnheim'a  in  all  essential  points,  and  the  experiments 
already  mentioned  as  to  the  behaviour  of  the  blood-pressure  after  opening  the 
abdomen  make  this  more  specially  desirable. 

After  a  warm-blooded  animal  has  been  cumrised  and  artificial  respiration 
set  going,  if  a  coil  of  intestine  be  drawn  through  a  small  ab<lominal  wound  and 
examined  under  the  microscope  by  suitable  arrangements,  it  is  noted  that  the 
course  of  the  local  circulatory  disturbance  is  completed  in  the  same  manner  as 
in  the  frog's  tongue.  As  a  rule,  however,  the  transient  contraction  of  the  vessels 
does  not  appear  either  at  the  beginning  of  the  experiment  or  at  any  subsequent 
interference  with  the  mesentery.  The  mesenteric  vessels  react  by  immediate 
and  groat  dilatation. 

The  appearance  presented  by  the  blood-stream,  magnified  340  times,  is 
represented  in  Plate  L,  Fig.  a.  Here  we  have  a  capillary  and  a  small  vein.  In 
both,  the  moving  blood  is  divided  into  a  red  axial  stream  and  a  colourless 
marginal  area  free  from  corpuscles.  The  great  rapidity  of  the  flow  makes  it 
impossible  to  recognise  the  individual  blood  corpuscles  in  the  blood-stream. 
These  are  all  collected  in  the  red  axial  stream,  which  presents  the  appearance 
of  a  homngenoous,  red,  transparent  cylinder.  This  figure  ia  drawn  from  a 
rabbit,  but  in  the  dog  also  the  condition  found  at  the  beginning  of  the 
experiment  is  essentially  similar.  Further  examination  of  the  extended 
meaeuter}^  shows  that,  just  at  the  beginning  of  the  experiment,  there  are  in  nairhj 
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all  aiMS  »ym€  cajnWiries  and  snudl  venous  radicles  peseiU  in  which  ihe.  stream  is 
slmoedt  and  i/iere  is  a  marginal  arrangement  and  emigration  of  while  blood  corpuscles 
exactly  corresponding  io  the  de^ription  given  of  the  frog's  ton<jue.  As  in  the  frog's 
tongue,  the  presence  of  some  capillaries  and  veins  with  a  slow  stream,  in  the 
midst  of  the  general  acceleration,  is  explainctl  by  the  inetjualities  in  the  diB- 
tribution  of  the  blood.  It  would  unhesitatingly  be  called  a  remarkable  and 
very  inexplicjible  phenomenon,  if  the  distribution  of  the  blood  in  the  capillaries 
were  uniform  when  the  circulation  is  so  markedly  affected,  and  if  among 
the  mass  of  capillaries  in  wliich  the  stream  is  accelerated  there  were  none 
in  which  the  current  was  slowed.  As  will  be  shown  later  in  greater  detail, 
the  slowing  of  the  blood -stream  explains  the  phenomenon  of  the  marginal 
amingeraent  of  the  leucocytes  and  their  subsequent  emigration  from  the 
vessels. 

In  spite  of  this,  we  cannot  assert  here  with  the  same  certainty  as  in  the 
case  of  the  frogs  tongue,  that  the  migration  takes  place  through  vessel  walls 
which  may  be  described  as  perfectly  normal  so  far  as  their  permeability  is  con- 
cerned. The  mesentery  is  such  a  delicate  membrane  that  it  soon  dries  and 
thus  becomes  altered,  unless  it  be  kept  moist.  If  it  be  moistened  with  a  J  per 
cent  Bait  solution,  or  with  a  so-called  neutral  fluid,  the  objection  must  be 
allowed  that  these  fluids  may  themselves  be  not  entirely  without  effect.  I 
have  tried  many  such  fluids,  but  have  not  found  any  grounds  for  a  satis- 
factory reply  to  this  objection,  which  I  therefore  acknowledge  to  be  quite 
justified.  It  must  therefore  be  allowed  that  in  these  experiments  primary 
clianges  may  occur  in  the  permeability  of  the  vessel  walls.  In  the  first 
few  moments  after  the  mesentery  ia  spread  out,  they  are,  however,  app:irently 
of  little  imporUince. 

As  has  already  been  mentioned,  the  appearances  presented  by  the  mesentery 
of  the  rabbit,  when  followed  through  their  later  stages,  are  not  further  altered 
in  any  essential  way.  The  only  changes  are,  that,  after  a  time,  some  red  cor- 
puscles i)a8S  out  at  those  points  where  numerous  leucocytes  have  left  the  vessels, 
and  that  a  scarcely  perceptible  sloAving  of  the  blood -stream  occurs.  This 
slowing  may  be  due  to  a  slight  reduction  of  the  dilatation  of  the  vessels,  too 
small  to  be  measui'ed  by  the  micrometer,  or  to  the  already  mentioned 
changes  in  the. permeability  of  the  vessel  walls,  which  give  rise  to  diminution 
of  the  plasma  in  the  capillaries.  The  increase  of  the  internal  frictional  resist- 
ance in  the  moving  column  of  blood  thus  produced  might  then  account  for 
the  slowing  of  the  stream.  I  have  attempted  to  modify  any  action  which 
the  salt  solution  might  exert  by  laying  cover-glasses  with  raised  rims  on  the 
surface  of  the  mesentery  over  which  the  solution  flows,  but  without  any  material 
result,  since  the  fluid  usually  continues  to  flow  even  under  the  cover-glasses. 

In  the  dog,  however,  the  innervation  of  the  vessels  of  the  mesentery  is  mani- 
festly different.  Within  a  short  time  after  the  mesentery  has  been  adjusted, 
moderate  contraction,  first  of  the  arteries  then  of  the  veins,  succeeds  th© 
initial  dilatation  of  all  the  vessels.  Since  the  arterial  coiitraction  predominates, 
the  stream  in  the  capillaries  and  veins  is  accordingly  slowed,  and  a  very  dis- 
tinct marginal  arrangement  and  emigration  of  the  white  corpuscles  takes  place 
(PL  L,  Fig.  b,  X  340). 

Later,  the  emigration  of  the  wiiite  corpuscles  is  accompanied  by  the  passage 

of  red  corpuscles  through  the  vessel  walls.     Here  also  we  can  convince  ourselves 

,  that  the  red  corj/uscks  aluvnp  posi  through  at  tfic  spots  where  the  leucoci/fes  have 

} jireiiouslij  left  the  ve-ssel     The  emigration  of  the  leucocytes,  therefore,  increases 

the  permeability  of  the  vessel  wsdls  in  this  case  also  in  the  course  of  time. 
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It  may  occfisionally  be  observed  that,  at  one  or  other  of  those  spots  where  a 
great  migration  of  leucocjrtes  has  occurred,  whole  streams  of  blood  suddenly  pass 
into  the  tissue  and  form  punctiform  ha?morrhages  or  ecchymoses,  visible  to  the 
naked  eye.  The  opening  in  the  vessel  wiill  suddenly  shuts  again  behind  the 
blood-stream,  sometimes  grasping  several  red  cells  in  the  opening,  and  some- 
times in  such  a  way  that,  even  with  the  highest  power  of  the  microaco|je, 
no  trace  of  an  alteration  can  be  perceived.  In  the  first  case  the  luemorrhage 
may  recur.  By  the  occurrence  of  these  ecchymoses  simultaneously  at  many 
jxiints,  the  mesentery  under  observation  becomes  thickly  beset  with  couotlesi 
re<:l  specks  of  blood  within  one  or  two  hours  from  the  beginning  of  the  e.Yperi- 
ment,  aa  may  be  seen  by  the  naked  eye.  In  the  meantime,  if  the  mesentery  is 
protected  by  a  cover-glass,  the  fluid  constituents  of  the  blood  are  observed  to 
jipfjear  on  the  surface  of  the  membrane.     This  fluid  which  comes  from   the 

blood  is  coagulable  and  forma 

fibrin,  which   is  partly  gela- 

_..      ,    ^.,  Ljpnc*  ttnous,  partly  fibrillated.     It 

SKfjfr         '         ^'  ^2&ItuEIIi         ^^  distinguished  from  normal 

i^^^^K^  ^T^r  •Tws        trausudution  by  this  tendency 

^^^^H^*^  t'j  coagulation.      It  is,  how- 

^ly  .^  ,     ^      over,    chielly     the     celhdar 

\j  O'Si'  \  '     elements  of  the  blood  in  the 

^'  '  *■       *     '       transuded  fluid  which  c^ius© 

rhis  tendency.  The  blood 
ells  found  in  the  fluid  which 
ijkpears  on  the  ])eritoneal 
surface  are  relatively  few  in 
the  ex]>eriments  on  rabbits, 
tjiit  in  dogs  they  are  in  con- 
iderable  qiuintity  and  are 
I  iiostl y  leucocytes. 

It  has  been  shown  that 
leucocytes  may  also  pass 
through  unaltered  vessel 
walls,  so  that  tm  omdudon 
cnn  he  drawn  as  to  a  cliunge 
in  the  vessel  imll  from  their 
preseTice  in  fluids  which  havf 
passed  out  from  the  hhml'VesseJs^ 
or,  tkcrefort,  from  ihf.  magnla- 
hilitii  of  those  fluids.  Chemical  analysis,  however,  proves  that  the  fluid  which 
has'pi^ssed  out  is  unusually  rich  in  solids  in  solution — an  observation  which, 
as  will  afterwanls  be  discussed  more  fully,  warrants  the  conclusion  that,  in 
all  probability,  the  permeability  of  the  vessel  wall  is  increased.  A  change  in 
the  vessel  wall  was,  liesidcs,  to  be  expected  from  the  nature  of  the  experiment, 
as  a  result  of  the  direct  action  of  the  air,  or  of  the  salt  solution  used  to  prevent 
it,  and  this  may  be  demonstrated  microscopically,  after  injection  of  the  blood- 
vessels with  nitrate  of  silver,  as  punctiform  dilatations  of  tiie  cement  substance 
between  the  endothelial  cells  of  the  intima  (Fig.  8).  This  cement  substance  is 
evidently  the  most  .sensitive  and  easily  altered  constituent  of  the  endothelium 
of  the  vessels,  and  special  attention  should  therefore  be  paid  to  it.  No  changes 
iu  the  endothelial  cells  themselves  which  might  aftect  tlie  permeability  of  the 
vessel  walls  have  been  recognised  up  till  now. 
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Fm.  S.— Two  imall  vctu«  from  th«  iDMontery  of  tb«  dog  injected 
wiUi  nitnU  of  aU ver  and  geUttlno,  and  stAlned  wiUi  OrenacbM'a 
Itorax  canntne.  n,  normal  con<UUon  of  vpcael  wall ;  b,  comtition 
of  vesaol  widl  on«  ap'l  a  half  houn  aftar  memintery  hn*  beon 
iipnuHl  ont  and  «xltiusiv6  ciaignktiua  of  leueocytea  luut  taken 
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After  this  investigfition  of  the  action  of  injury  on  the  nerves  and  blood 
vessels,  the  changes  which  injuries  produce  in  these  tissues  which  contain 
the  nerves  and  vessels  remain  to  he  considered.  The  tissue  which  lies  between 
the  vessels  and  nerves  may  be  termed  simply  parenchyma  {Gruful/jcwehc)^  sirjce> 
in  general,  it  forms  the  main  part  of  the  organs  a»id  determines  their  special 
functioiL 

After  injury  pfrrendii/ma  undergoes  manff  scamdart/  chatiffes  wliich  are  the 
result  of  the  disturbance  of  innervation  and  circulation  already  discussed. 

The  disturbance  of  innert^ation  occasioned  by  injuries  impairs  the  function 
of  an  organ,  and  thus,  as  a  rule,  also  its  nutrition,  which  has  a  certain 
correlation  with  the  function,  as  will  be  more  thoroughly  discussed  later. 
Samuel,  Charcot,  and  Erb  have  assumed  the  existence  of  trophic  n^i^s  which 
directly  govern  the  nutrition  of  the  tissues.  It  certainly  would  seem  that 
the  results  ascribed  to  the  lesions  of  the  trophic  nerve,  would  be  more  easily 
explained  as  disturbances  of  the  regulation  of  the  tone  of  the  peripheral  vaso- 
motor nerve  centres.  The  question  is  an  open  one,  however,  and  it  is  not 
possible  to  give  a  final  opinion  about  the  changes  to  which  traumatic  lesions 
of  the  nerves  give  rise.  This  point  \nll  be  referred  to  again  when  the  diseases 
of  the  nerves  are  specially  considered. 

The  great  distension  of  the  connective  tissue  spaces  with  exuded  con- 
stituents of  the  blood  has  already  been  mentioned  as  a  consequence  of  the 
local  circulatory  reaction  after  injury.  It  was  also  mentioned  that  these 
reactions  might  lead  to  stasis  and  even  to  local  death  of  tissue.  In  most 
cases,  however,  the  circulatory  disturbance  after  injury  simply  produces  a 
disordered  function  of  the  organ — a  fact  which  leads  to  the  addition  of  a 
fifth  cardinal  sjTnptom  of  inflammation,  tUe  fundi/)  Iwm. 

Similar  disturbances  of  function  are,  however,  nut  infrequently  dependent 
upon  direct  priitianj  cJumges  tn  which  the  injury  gives  me  in  tht  parmthifma. 
The  primary  changes  are,  for  the  most  part,  merely  temporary,  inasmucii  as 
they  can  be  recovered  from.  Occasionally,  however,  they  are  more  serious, 
and  cause  local  death  of  tissue  (nccrosia).  Local  death  or  necrosis,  whether 
it  be  the  primary  or  secondary  result  of  the  injury,  leads  either  to  sloughing  or 
absorption  of  the  necrosed  portion,  according  to  the  conditions  under  which  the 
necrosed  tissue  is  placed.  It  may  also  occur  that  the  piece  of  necrosed  tissue 
l^ecomes  encapsuled  by  a  zone  of  fibrous  tissue.  The  result  of  this  is  the  same 
as  would  have  been  produced  by  an  actual  loss  of  tissue.  Such  a  loss  of  tissue 
may  also  be  directly  produced  by  injury.  In  ichatcver  imtf  the  loss  mrry  have 
ari^n,  kowtri'7\  if  resulh  in  u  mw  foi'maiion  of  tissue.  This  is  usually  called 
a  regenerative  process,  or  regeneraiimiy  even  when  the  place  of  the  highly 
specialised  tissue  of  an  organ  which  has  been  destroyed  is  filled  up,  mostly 
or  entirely,  by  connective  tissue  containing  vessels  and  nerves. 

To  regard  such  a  new  formation  of  tissue  as  a  regenerative  process  is  a 
true  enough  explanation,  hut  one  which  states  merely  that  the  form  and 
jjerhaps  the  function  of  the  tissue  is  reproduced.  Weigert  has  manifestly 
laid  too  much  stress  on  this  explanation.  At  the  same  time,  however,  he  has 
done  good  service  in  opposing  Virchows  theory,  in  which  he  credits  the 
tissues  and  cells  with  a  "  formative  irritability  "  independent  of  previous  loss 
of  substance  ;  or,  in  other  words,  with  the  power  of  responding  by  new 
formation  of  tissue  to  the  most  different  actions  cf  the  external  world.  In  so 
far  as  these  external  actions  or  irritations  proceed  from  ijijury  Virchow's 
doctrine  bears  on  the  present  subject  and  must  not  be  overlooked. 

"  Irritability "  in  the  sense  used  by  Virchow  is  a  property  of  the  living 
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cell  From  what  has  been  said  above,  it  will  be  manifest  that  at  present  this 
property  cannot  be  thoroughly  explained,  since  the  vital  process  is  essentially 
an  unanswered  enigma.  Scientific  investigation  has  as  yet  failed  to  discover 
the  fundaraental  causes  of  the  phenomena.  It  has  only  been  able  to  set  it-self 
the  task  of  deciding  by  inductive  methods  the  conditions  on  which  the  natural 
phenomena  are  dejiendent.  This  is  true  of  pathology  also.  The  question 
should  therefore  now  be  investigated  whether  injuries  are  capable  of  giving  rise 
to  new  formation  of  tissue  when  there  has  been  no  previous  loss  of  tissue, 
and  therefore  when  the  asstnni>tion  of  a  "  regeneration  "  cannot  be  allowed, 

A  callosity  furnishes  an  example  of  this.  If  the  skin  of  a  hand-labourer  be 
examined,  considerable  thickening  of  the  rete  Malpighi  and  the  epidennis  will 
be  found  at  those  points  of  the  surface  on  which  the  tool  employed  presses 
during  work.  The  growth  of  such  thickenings  may  be  easily  traced  in  a  hand 
which  performs  hard  mechanical  work  for  the  first  time.  The  unavoidable 
pressure  and  friction  on  the  portions  of  skin  already  mentioned  give  rise,  in  the 
first  place,  to  congestion  of  the  vessels  of  the  skin  in  the  region  of  the  invisible 
injuiy — a  local  circulatory  reaction  which  may  increase  until  the  fluids  which 
pass  out  of  the  blood-vessels  produce  vesicles  in  the  rete  Malpighi.  A  single 
injury  of  this  kind  passes  off  in  time  without  leaving  a  trace.  If  it  is  fre- 
quently repeated  at  short  intervals  without  going  on  to  form  vesicles,  the 
epidermis  is  thickened  by  an  active  new  formation  of  cells  in  the  rete  Malpighi. 
It  is  l>oth  possible  and  likely,  although  not  easily  proved,  that  even  the  first 
injury  of  this  kind  excites  the  proliferation  of  the  cells  in  the  rete  Malpighi. 
Frequently  repeated  injuries,  however,  have  always  a  distinct  action.  They 
give  rise  to  a  local  new  formation  of  cells  which  takes  the  form  of  a  thickening 
of  the  rete  Malpighi  and  the  overlying  layers  of  the  epidermis — that  is,  a 
callosity. 

It  is  apparent  from  this  tfuU  mjuries  may  be  followed  by  new  formation  of  tissti^^ 
even  althaughj  in  ike  ahsenct  of  any  loss  of  substance,  regenerative  processes  may  be 
excluded  wiih  certainty.  In  those  new  formations  of  tissue  which  are  of  trau- 
matic origin,  however,  the  local  circulatory  reactions  are  of  special  importance. 

The  marked  congestion  of  the  capillaries  within  the  area  of  injury  brings 
a  more  plentiful  supply  of  nutriment  to  the  connective  tissue  si>aces  in  the  form 
of  the  fluid  constituents  of  the  blood  which  have  escaped  from  the  capillaries. 
A  similar  excess  of  nutriment  in  the  tissues  is  found  in  venous  congestion, 
and  in  such  cases,  if  long  continued,  invariably  leads  to  over-nutrition  and  to 
new  formation  of  tissue.  For  example,  in  congestion  of  the  pulmonaiy  vein 
a  considerable  increase  in  the  proliferation  of  the  epithelium  of  the  alveoli 
of  the  lung  can  always  be  demonstrated,  even  although  no  local  irritjition  what- 
ever act  upon  them.  We  are  therefore  fully  juetilied  in  regarding  repeated 
circulatory  reactions  after  injuries  aa  an  important  factor  in  the  causation  of 
callosities,  and  in  stdillwj  that  the  omr-nutrifwn  due  to  the  increased  Jfow  (f  lymph 
phyt^  an  imjtortani  part  in  the  new  formation  of  tissue.  But  we  must,  at  the  same 
tiinc,  allow  that  in  these  results  no  satisfactory  reason  has  as  yet  been  given 
which  can  directly  refute  Virchow's  assertion.  If  injuries  may  directly  serve 
as  a  formative  stimulus  to  the  protoplasm,  independent  of  loss  of  tissue,  we 
may  suppose  such  a  process  to  operate  io  this  case.  There  is,  however,  no 
scientific  foundation  for  such  a  supposition. 

On  the  other  hand,  the  connection  between  reaction  of  the  circulation  to 
injury  and  new  formation  of  tissue  appears  in  many  other  circumstances.  It 
was  noted  above  (p.  19)  that,  after  transverse  section  of  the  spinal  cord,  the 
local   circulatory  reactions   produced   by  injury  to    the    paralysed    parts  are 
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frequently  exceedingly  slight.  In  such  cases  when  any  ulcer  forma,  new  tissue 
is  very  late  in  appearing  and  slow  in  developing.  A  similar  observation  is  made 
in  all  the  so-called  atonic  ulcers — that  is,  in  all  ulcers  in  the  walls  of  wliich  the 
circulatory  reaction  is  very  feeble,  from  any  reason  whatever.  On  the  other 
hand,  it  is  known  that  any  loss  of  tissue  cicatrises  very  rapidly  in  all  highly 
vascular  parts. 

There  can  he  w>  doubt,  that'forcy  thai  dTCulatory  reaction  affrr  Injury  favours^ 
perhaps  even  cnune^y  (he  new  formation  of  tissiie.  We  shall  afterwards  examine 
how  the  details  of  this  process  are  carried  out.  It  is  sufficient  at  present  to 
point  out  that,  in  the  immediate  vicinity  of  the  parts  where  the  tissue  has  been 
divided  or  removed,  not  only  do  the  cells  of  the  tissue  generally  enlarge  and 
divide,  thus  giving  rise  to  new  masses  of  tissue,  but  the  same  processes  occur  in 
the  elements  of  the  vessel  walls  and  the  nerves.  The  new  formation  of 
capillaries  which  accompanies  the  process  is  of  specially  great  importance,  since 
it  is  dependent  in  a  most  remarkable  way  upon  the  increased  influx  of  blood, 
and  since  these  capillaries  are  able,  on  their  part,  to  form  connective  tissue  on 
their  external  aspect,  at  first  in  the  form  of  an  adventitious  coat 

If  we  follow  the  proces.ses  in  healing  of  wounds  and  losses  of  substance 
further,  we  observe,  however,  that  the  new  formation  ceases  in  the  great 
majority  of  cases  as  soon  as  the  destroyed  tissue  is  replaced  by  new  tissue.  The 
process,  which  usually  terminates  at  this  point,  is,  only  in  exceptional  cases, 
carried  further,  in  those  eases,  namely,  where  reactive  circulatory  disturbance 
is  kept  up  in  the  region  of  the  injury  for  a  long  time.  This  occurs,  for  example, 
in  repeated  injuries,  in  the  healing- in  of  septic  foreign  bodies,  or  in  other 
complications  by  toxic  and  infective  processes.  This  ia  not  surprising  after 
what  was  learned  of  callosities.  Nevertheles.s,  it  is  a  general  rule  that  new 
formation  of  tissue  ceases  when  the  defect  is  made  good.  This  cessation  of  the 
process  of  tissue  formation  can  be  explained  by  the  results  which  have  l>een 
obtained  after  transplantation  of  pieces  of  tissue.  After  complete  separation 
from  its  original  connections  a  piece  of  tissue  can  unite  with  a  new  part,  provide 
itself  «new  with  vessels  and  nerves,  and  even  grow  and  increase  in  size.  But 
this  new  tissue  has,  as  a  rule,  a  short  existence.  After  weeks  or  months  it 
undergoes  involution,  not  infrequently  disappearing  altogether.  It  appears 
that  a  tissue  may  prolong  its  existence  for  some  time,  if  it  is  furnished  with 
sufficient  vessels  and  nerves,  bat  that  it  vanishes  when  it  remains  permanently 
fimctionlesB.  A  elvse  edalion  vianifeMhj  eAds  hdwem  ihs  uatriiim  and  funditm  of 
tissn€^.  This  relation  also  causes  the  new  formation  of  tissue  after  injuries 
and  losses  of  substance  to  cease  as  soon  as  the  defect  is  filled  up. 

This  relation  between  nutrition  and  function  cjinnot  be  more  thoroughly 
explained.  It  may  be  observed  in  the  most  various  forms  of  vital  processes. 
If,  therefore,  we  describe  the  new  formation  of  tissue  in  the  margins  of  a  healing 
wound  as  a  regeneration,  we  mean  that  this  new  formation  of  tissue  does  not 
extend  beyond  those  limits  which  are  tletermined  by  the  relation  between 
the  nutrition  and  the  function  of  the  part.  We  may  still  adliere  to  this 
opinion,  even  if  it  is  pointed  out  that  the  ti.ssuc  which  replaces  that  which  ha6 
been  removed  does  not  completely  reproduce  the  structure  of  the  lost  portion 
of  tissue,  and,  therefore,  can  fulfil  perhaps  only  a  small  part  of  its  function. 

This  conception  of  the  regenerative  processes  does  not  exclude  the  fact  that 
the  now  formation  of  tissue  is  caused  and  determined  by  over-nutrition  of  the 
parts  due  to  the  local  circulatory  reaction.  If,  however,  we  descend  in  the  scale 
of  animal  life  until  we  reach  a  class  which  shows  no  vascular  system,  it  will  be 
more  clearly  seen  that  each  loss  of  substance  is  regenerated  more  or  less  com- 
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pletely  under  conditions  from  which  we  must  assume  ilmi  it  is  the  toss  of 
suhtuncf  of  itimlf  whkh  dirtdhj  deiemiiiies  the  new  formuliim  of  tissue.  This  is  the 
conception  of  regeneration  in  the  sense  used  by  Weigert  It  is  true  that  it  is 
based  upon  vital  properties  of  the  cell  which  are  difficult  to  define  and  which 
are  essentiiiUy  unknown,  but  it  embodies  a  conception  of  the  causes  of  new 
formation  of  tissue  which,  in  certain  cases,  is  undoubteJly  justified. 

While  recognising  this  conception,  we  should  always  remember  that  it  is 
possible  to  regard  the  removal  of  any  tissue  as  an  irritation  in  the  sense  used  by 
V'^irchow — that  is,  as  something  which  stJraulaUjs  the  formative  activity  of  the 
cells,  for  Virchow  has  given  the  idea  of  irritation  a  very  wide  meaning.  His 
view  has  the  further  advantage  of  embracing  those  crises  in  which  injury  gives 
rise  to  proliferation  of  the  cells  without  previous  loss  of  substance.  Of  course 
it  does  not  follow  from  this  that  this  theory  is  correct 

It  must  remain  an  open  question,  however,  whether  injury  or  other  external 
agencies  can  exert  a  formative  irritation,  directly  and  immediately  on  living 
protoplasm.  In  lower  organisms  which  show  no  vascular  system,  the  injury 
might  only  give  rise  to  the  new  formation  of  tissue  by  means  of  a  tlow  of  I}Tnph 
to  the  injured  part  The  theories  which  have  just  been  discussetl  deal  with 
such  general  ideas  that  they  can  hardly  be  tested  experimentally.  The  informa- 
tion they  afford  is  accordingly  comparatively  meagre. 

All  that  we  can  affirm  as  actually  certain  is  that  circulatory  disturbances, 
venous  congestion  for  instance,  might,  by  the  increased  provision  of  nutrient  tlnids 
from  the  blood,  cause  over-nutrition  of  the  tissues,  and  that  this  over-nutrition 
may  be  followed  by  new  formation  of  tissue,  even  without  the  intervention  of 
any  external  agencies  which  might  be  called  initations.  It  might  lie  pointed 
out,  in  the  same  way,  that  the  reactive  circulatory  disturbance  wliich  occurs 
after  injuiy,  contains  al!  the  elements  necessary  to  give  rise  to  over-nutrition 
and  new  formation  of  tissue. 

Therefore,  if  we  acknowledge  the  great  imjiortance  of  traumatic  circidatory 
reaction  as  regards  the  new  fonnation  of  tissue  also,  we  arrive  at  a  very 
simple  conception  of  the  manner  in  which  the  changes  which  occur  after 
injuries  are  produced.  Sim]>le  injury,  uncomplieatetl  by  either  toxic  or 
infective  influences,  takes  the  form  of  a  disturbance,  local  in  the  first  instance, 
of  the  nerves,  blood-vessels,  and  other  tissues  of  the  aff'ected  part  of  the  body, 
and  caused  by  externab  mechanical,  or  thermal  agencies,  and  this  disturbance 
brings  a  series  of  reactive  phenomena  in  its  train,  if  it  does  not  cause  immediate 
death.  Among  the  primary  disturbances,  however,  the  most  invariable  and 
important  is  the  disiurkim'^  (f  imienntion^  which  exerts  a  definite  iuHucnce  on 
the  course  of  all  the  reactive  phenomena  and  gives  rise,  especially,  t*j  the  most 
*?ssential  features  of  the  reactive  circulatory  disturbance.  This  disturbance 
can  originate  new  formation  of  tissue  whicli  may  occur  independently  of  solution 
of  continuity,  but  which  induces  healing  where  there  is  solution  of  continuity. 
It  must,  however,  remain  undecided  whether  injury  can  directly  excite  the 
cells  to  new  formation  of  tissue  without  the  intervention  of  over-nutrition. 
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CHAPTEK    III 


INTOXICATIONS   AND   POISONS 


An  "  intoxicatiou "  lias  been  already  defined  as  a  pathological  disturbance^ 
aiused  by  the  ahmptim  into  the  hody  of  chemically  active  substances,  the  effect  of 
whiih  stands  in  a  J f  finite,  but  by  no  means  always  proportionate  relation  to  the  quantity 
of  thr  mhdaw^  ahsirrhed. 

The  study  of  this  subject  is  obviously  of  great  practical  irapfirtance.  It  is 
also  of  great  general  interest,  particularly  from  the  etiological  standpoint. 

This  ia  special Ij'  tnie  of  the  views  vrhich  have  been  held  with  regard  to 
inflamm/itionf  which  have  for  centuries  exercised  a  most  iiiip<nirtant  iutloence 
both  on  pathological  anatomy  and  on  general  pathology.  Tlie  local  actions 
of  poisons,  indeed,  have  frequently  been  described  not  merely  as  inflammations, 
but  even  as  the  type  of  the  inflammatory  process.  The  local  efiects  of  croton 
oil,  cantharides,  nitrate  of  silver,  hydrochloric  acid,  and  liquor  potassfe  on 
mucous  membranes  and  other  tissues  were  studied  most  minutely  from  the 
point  of  view  of  inflammation,  with  the  view  of  discovering  in  this  way  the 
mode  of  production  of  other  lesions,  which  were  regarded  as  inflammations 
on  the  strength  of  certain  analogies,  and  in  spite  of  all  the  differences  in  their 
etiological  relations. 

The  relations  of  the  intoxications  to  fevei^s  and  infections  are  almost 
equally  interesting.  Since  it  has  been  shown  that  the  smallest  living 
organisms  may  produce  the  most  serious  infective  diseases,  the  similarity 
between  the  actions  of  poisons  and  of  those  organisms  must  appear  very 
remarkable.  This  similarity  may  be  most  simply  explained  by  the  fact  that 
these  pathogenic  micro-organisms  form  and  secrete  a  poisonous  substance.  It 
will  not  l>e  suri^rising,  therefore,  that  a  local  and  a  gmtiul  action  may  be 
diflerentiated  in  infections  as  well  as  in  poisons :  loc^xl  actions  in  the  tissues 
which  first  com©  into  contact  with  the  injurious  substance ;  general  actions 
which  appear  partly  in  the  blood  and  partly  in  distant  organs. 


LOCAL  EFFECTS   OF  POISON 

The  local  eflecta  of  jwisons  on  the  tissues  may  be  regarded  as  changes  in 
the  chemical  composition  of  the  tissues  and  of  the  blood  circulating  within 
them,  which  cause  a  series  of  disturbances  of  tissue  nutrition  and  circulation, 
limited  at  first  to  the  neighbourhood  of  the  primary  action. 

The  local  changes  of  the  chemical  composition  of  the  tissues  and  the  blood 
vary  greatly  according  to  the  different  chemical  properties  of  the  substance 
which  acts  upon  theju.      While  many  poisons  produce  either  no  effect,  or 
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only  slight  chan<j:es  whicli  are  difficult  to  demonstrate  and  are  verj'  transient, 
many  others  lead  to  serious  and  irreparable  consequences.  In  like  manner, 
the  accompanying  local  disturbances  of  tissue  nutrition  and  circulation  show 
great  differences,  according  to  the  chemical  properties  of  the  poisons.  Those 
can  only  be  fully  dealt  with  in  a  special  consideration  of  the  actions  ol  the 
individual  poisons.  It  is  observed,  however,  that  the  various  tissues  show  very 
different  reactions  and  degrees  of  susceptibility  to  the  same  poison. 

Nerv€  tissue  is  most  sensitive  to  this  local  action.  Every  change  in  the 
physical  or  chemical  condition  of  a  nerve  fibre,  even  when  unaccompanied  by 
anj'  microscopical  changes  in  structure,  manifests  itself  by  irriialion^  pamlysiSf 
and,  finally,  if  the  disturbance  is  very  great,  by  death  of  tlie  iierve  fibre.  These 
effects  are,  in  the  Erst  place,  to  be  regarded  as  Ux'al  dulurbiawes  of  fiindion^  when 
they  are  due  to  the  action  of  poisons.  They  are  frequently  and,  when  death 
occurs,  invariably  accompanied  by  changes  in  ike  hisiologiral  structure  of  the  tissues. 
In  virtue  of  the  special  properties  of  the  nerves^  the  local  disturbance  of  their 
function  is  extended  over  a  wide  area.  Th^y  then  either  produce  muscidar 
contractions  and  treni&rs  by  exciting  the  peripheral  end  organs,  or  by  exciting 
the  nerve  centres,  pain  and  irnrreasc  of  refltx  aciioit,  and  frequently  other  more 
complicated  nervous  processes,  such  as  convulsions,  etc.  Histological  changes 
may  also  extend  for  great  distances  along  the  nerves,  as  ^vill  be  more  fully 
explained  afterwards  in  discussing  secondary  degeneration  of  nerves. 

The  walls  of  the  hlooii-ve^sels  are  also  remarkably  susceptible  to  the  local 
action  of  poisons.  In  this  connection  the  wrv^'s  of  the  vessel  wails  and  the 
peripli^id  vaso-moiar  7W'nv  centres  must  be  also  taken  into  account.  These  may 
be  injured  either  directly  or  indiredhf  by  the  action  of  the  poison ;  diredli/,  if 
the  poison  comes  into  immediate  contact  with  the  nerves ;  indirecthj,  when  the 
changes  in  the  excitability  of  a  nerve  fibre,  resulting  from  such  contact,  are 
conducted  to  an  associated  act  of  nerves. 

Tliere  is  uften  a  great  similarity  between  the  local  actions  of  injuries, 
which  have  been  considered  at  length  in  the  previous  chapter,  and  the 
local  actions  of  poisons.  This  will  be  understood  when  it  is  considered  that 
those  changes  in  the  excitability  of  a  nerve  fibre,  which  we  term  irritation 
or  paralysis,  are  qualitatively  equal  in  all  cases  in  which  changes  in  the  mole- 
cular structure  of  the  nerve  are  caused  by  external  influences.  Mechanical 
irritation  of  a  nerve  fibre  has  the  same  result  as  chemical  or  thermal  irrita- 
tions. Therefore-^  we  find  iht  same  heal  dreukUory  rmdum  as  in  iiipmj  loth  immedi- 
aiehj  nmnd  and  at  some  distance  from  the  seat  of  adion  of  the  poison,  sina'  this 
generally  irritates  ilie  nerves  locoUy.  This  reaction  sometimes  extends  to  the  whole 
general  circulation,  under  the  same  conditions  as  were  discussed  in  dealing 
wiih  injury.  Quantitatively,  however,  the  action  varies  greatly  because  of  the 
great  difterences  in  chemical  poisons.  In  the  neighbourhood  of  the  seat  of 
action  of  the  poison  the  redness  and  congestion  of  the  tissues  may  be  marked 
or  slight ;  the  swelling  and  pain  may  be  small  or  great ;  the  circulation  may 
manifest  grave  or  trifling  disturbances. 

The  differences  in  the  actions  of  the  various  chemical  poisons  is  further 
explained  by  the  fact  that  very  many  poisons  exert  considerable  influence  on 
the  non-nervous  elements  of  the  walla  of  the  vessels.  Slight  toxic  actions  are 
manifested  in  two  ways :  first,  by  chnnyes  in  the  kme  of  the  muscles  of  the  vessel 
Widly  which  arc  indicated  by  contraction  or  dilatation  of  the  veins  and  arteries ; 
and  secondly,  by  changes  in  the  permeability  of  the  vessel  waU  towards  the  fluid 
and  solid  constituents  of  the  blood  and  lymph.  In  this  manner  a  series  of 
local  disturbances  of  the  circulation  arise ;  congestion  or  anaemia  of  individual 
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vaB<!aIaj'  areas,  great  exudation  of  blood  plasma,  or  blood  coriiiisclea  into  the 
connective  tissue  spaces ;  or,  lastly,  hemorrhages,  when  the  cells  as  well  as 
the  plasma  leave  the  vessels  in  great  quantity.  In  many  cases,  of  course, 
the  local  action  of  the  chemical  poison  is  much  greater  and  leads  to  necrosis 
of  the  vessel  wall  and  destruction  of  the  blood  contained  in  its  himeu. 

In  these  local  circulatory  disturbances  the  iksms  ivJnch  surround  the  resseh  are 
always  more  or  less  involved.  This  is  due,  of  course,  to  the  juxtaposition  of  the 
various  tissue  elements,  which  is  too  close  to  allow  the  poison  to  act  on  any 
one  element  alone.  Besides  this,  the  metabolic  processes  in  the  tissues  stand 
in  such  close  mutual  tlependence  upon  the  local  conditions  of  circulation  and 
innervation  that  an  Isolated  lesion,  either  of  the  blood-vessels,  or  of  the  nerves 
or  other  tissues  of  the  vessels,  does  not  occur.  The  tissue  changes  found,  how- 
ever, in  many  loc^d  disturbances  of  innervation  or  circulation  are  so  insigni- 
ficant that  they  are  often  altogether  overlooked ;  wliile,  again,  in  other  cases, 
the  changes  in  the  tissues  surrounding  the  vessels  and  nerves  are  much 
more  marked.  In  the  local  actions  of  poisons  especially,  the  great  sus- 
ceptibility of  the  nerves  and  blood-vessels  causes  them,  as  a  rule,  to 
become  very  severely  affected  whenever  the  tissues  surrounding  them  are 
inj'ured. 

Further,  the  local  actions  of  poisons  on  the  tissues  surrounding  the  vessels 
and  nerves — that  is,  on  the  special  parenchyma  of  the  organs — in  most  cases 
take  the  form  of  disturbances  of  the  molecular  structure  of  the  cells  and  inter- 
cellular substancD,  which  may  lead  to  local  necrosis  of  tissue.  The  slighter 
chemical  alterations  of  tissue  may  be,  of  course,  perfectly  recovered  from,  if 
the  circulation  and  innervation  are  maintained.  If  the  action  of  the  poison 
is  more  intense,  necrotic  processes  are  usually  present  in  the  tissues,  although 
they  may  perhaps  be  limited  to  single  ti.ssue  elements  and  do  not  further 
endanger  the  condition  of  the  organ  or  portion  of  organ  subjected  to  the 
action  of  the  poisson.  The  circulation  of  the  blood  within  the  area  of  the  local 
action  of  the  poison  is  usually  considerably  disturbed,  but  is  not  interrupted 
for  any  length  of  time,  since  this  would  entail  necrosis  of  all  the  tissues.  The 
same  applies  to  innervation.  This,  also,  if  subjected  to  too  serious  an  injury, 
entails  the  destruction  of  the  tissue  exposed  to  the  action  of  the  poison. 
Indeed,  the  observations  which  have  been  made  on  paralysed  limbs  show  that 
innervation  is  of  great  importance  in  preserving  the  tissues  from  external 
injury.  It  may  remain  undecided  whether,  according  to  the  opinion  of 
Samuel  and  Charcot,  the  tissues  possess  trophic  nerves,  the  destruction  or 
disease  of  which  impairs  the  nutrition  of  the  tisssiic,  or  whether  the  disturbanco 
of  the  vaao-motor  innervation  in  paralysed  limbs  renders  the  tissue  loss  capable 
of  reaistanco  to  extenial  influences. 

\\Tien  the  local  action  of  the  poison  is  still  more  severe,  as  io  cauterisation 
with  concentrated  acitls  or  alkalies,  chloride  of  zinc  or  nitrate  of  silver,  the 
disturbances  of  the  uiok'cular  chemical  stnicture  of  the  tissue,  more  or  less 
directly,  produce  lontl  (hufk  01^  loml  iieavsh.  In  these  cases  there  is,  as  a  nde, 
no  limitation  at  all  of  the  effects  exercised  l»y  the  poison  on  the  various 
constituents  of  the  tissues.  They  all  necrose  to  a  certain  extent  and  become 
more  or  less  altered  in  their  external  appearance,  according  to  the  special 
nature  of  the  poison  which  is  acting.  If  the  necrotic  portion  of  tissue  is 
of  firmer  consistence  than  the  normal  tissue,  it  is  usually  called  an  eschar — 
a  temi  which  is  idso  sometimes  use<l  when  the  necrosed  f)ortion  of  tissue 
appears  softer  and  moister  than  before.  The  tissues  immediately  round  the 
necrosed  area,  however,  are  not  normal,  but  form  a  zone  in  which  a  moiUfietl 
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action  of  the  poison  may  be  seen,  and  which  passes  imperceptibly  into  the 
healthy  tissues. 

The  piece  of  dead  tissue,  the  necrotic  area,  afterwards  forms  the  starting- 
point  for  a  series  of  changes  which  finally  bring  about  the  sepjiratioa  of  the 
living  from  tlie  dea<l  tissue.  Firsts  the  necrosed  portion  undergoes  many  passive 
changes,  according  to  its  local  conditions,  by  means  of  which  a  line  of  demarca- 
tion, which  can  be  seen  by  the  naked  eye  as  well  as  under  the  microscope,  is 
finally  produced  between  the  living  and  the  dead  tissues.  In  the  meantime, 
the  jioisonous  substances  contained  in  the  eschar  difTuse  into  the  surrounding 
tissues  and  thus  give  rise  to  local  disturbances  of  innervation  and  circulatory 
reaction  over  a  smaller  or  larger  area.  The  residt  is  a  hquefaction  of  the 
boundary  zone  between  the  necrotic  and  the  living  tissue — a  liquefaction  in 
which  an  important  part  appears  to  be  played  especially  by  the  enzjTiies 
contained  in  the  tissue  juices  and  in  the  fluids  which  have  come  from  the 
blood.  Subsequently,  the  necrotic  portion  sloughs  oft'  or  is  absorbed.  The 
loss  of  tissue  wliich  ensues  is  replaced  by  newly-formed  tissue,  and  this 
cicAtrises  exactly  in  the  same  manner  as  after  an  injury. 

According  to  this  account/,  the  new  formation  of  tissue  which  occurs  after 
sloughing  of  an  eschar  may  also  be  described  as  a  regenerative  process. 
Virchow,  liowever,  regarded  this  new  formation  of  tissue  after  the  action  of 
poisons  generally  as  the  result  of  the  formative  irritation  of  the  cellular 
elements  in  the  neighbourhood.  The  question  arises,  therefore,  whether  the 
local  actions  of  poisons  are  capable  of  exciting  individual  cells  and  tissues  to 
increase  and  proliferation.  This,  however,  can  no  more  be  decided  than  can 
the  analogous  question  of  traumatic  irritation.  In  pathological  conditions, 
produced  by  the  local  action  of  poisons,  no  new  formation  of  tissue  has  as  yet 
been  seen  unaccompanied  by  sinuiltaneous  local  circulatory  reactions.  These, 
however,  must,  according  to  our  exix-rience,  be  regarded  as  processes  which 
may  of  themselves  bring  about  over- nutrition  and  new  formation  of  tissue 
•without  the  intervention  of  a  hypothetical  direct  formative  irritation  of  the 
protoplasm  by  the  poison.  This  question  will,  however,  be  dealt  with  again 
in  treating  of  the  action  of  poisons  on  distant  jmils  of  the  body.  At  present, 
w^e  only  emphasise  the  groat  importance  of  reactive  circulatory  disturbances 
.afi  regards  the  tissue-forming  processes,  and  the  opportunity  they  afford  for 
cperimental  investigation,  Tliis  is  not  the  place  for  an  account  of  the  sepai'ate 
poisons,  but  it  ap^wars  desirable,  for  the  comprehension  of  many  pathological 
prooMses,  to  deal  in  a  general  way  with  the  local  action  of  the  larger  groups,  at 
least,  of  toxic  substances.     These  may  thus  be  distinguished  : — 

(1)  Chemical  bodies  whose  local  adion  is  chifjlij  upon  ike  nerves.  This  class 
includes  a  series  of  narcotics,  cocaine,  morphine,  and  others  which  have  the 
power  of  causing  local  antesthesia. 

(2)  Ch^mieiil  bodies  wJiose  heal  adion  is  ehiejly  upon  tht  blood-vessels^  iiielwding 
their  fierres  in  their  walls. 

One  of  the  most  important  of  these  is  sodium  chloride,  which,  in  1  "5  per 
cent  solution,  as  I  have  shown,  immediately  produces  dilatation  of  the  small 
arteries  and  an  increased  flow  of  blood  into  the  capillaries.  Sulphate  of 
atropine  and  manj^  other  poisons  have  the  same  effect.  Although  it  is  the  tone 
and  infurmtion  of  the  vessel  wall  which  are  chiefly  distiu-lxjd  by  the  action  of 
those  bodies,  it  will  be  observed  that  the  action  of  dilute  acids  and  alkalies 
also  causes  changes  which  indicate  an  ina'ease  in  (he  pcnaeahiliiy  of  the  capilhmf 
walla.  In  sulphuric  acid  poisoning,  oedema  of  the  glottis  not  infrequently 
occurs  from  great  exudation  of   the  fluid  constituents  of  the  biood  into  tlie 
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tissues  over  which  the  sulphuric  acid  has  passed  A  similar  condition  has  been 
observed  iti  rntric  acid  poisoning,  sometimes  even  in  simple  inhalation  of  this 
acid.  In  poisoning  with  alkalies,  tiidematous  swellings  of  the  mucous  mem- 
brane of  the  mouth  appeal-  as  the  local  action  ;  and  when  ammonia  comes  in 
contact  with  the  mucous  membrane  of  the  trachea,  it  causes  fibrinous  exudation 
from  the  blood-vessels  of  this  membrane.  The  skin,  when  an  antimoiml  oint- 
ment has  been  applied  to  it,  becomes  covered  by  vesicles  whose  fluid  contents 
come  from  the  blood.  Many  other  metallic  salts,  when  diluted,  act  similarly, 
and  so  also  does  a  series  of  organic  substances,  such  as  croton  oil,  canthartdes, 
and  many  ethereal  oils.  In  all  these  cases,  however,  besides  the  circulatory 
disturbances,  slight  changes  in  the  tissues  surrounding  the  vessels  are  usually 
present. 

(3)  Chemical  bodies  which  in  iJicir  local  action  attack  the  tissues  aljnost  tnlhout 
di.4incHon. 

Concentrated  acids,  alkalies,  and  metallic  salts  wbich  transform  the  tissues 
into  hard,  necrotic  masses,  eschais,  or  wbich  liquefy  them  more  or  less,  as  in 
the  case  of  many  alkalies.  Strong  solutions  of  croton  oil,  cantharides,  ethereal 
oils,  and  many  other  organic  substances  produce  similar  effects. 


GENERAL  ACTIONS  OF  POISONS 

The  local  effects  which  develop  when  the  chemical  poisons  first  come  into 
contact  with  the  skin,  the  mucous  membrane  or  other  tissues,  take  the  form 
of  local  disturbance  of  iimervatiou,  circulation,  and  tissue-nutrition.  In  many 
cases,  however,  the  action  of  the  jK)ison  penetrates  further  and  extends  through- 
out the  whole  of  the  blood  and  to  organs  at  a  distance  from  the  scene  of  the 
primary  action.  The  general  action  of  the  poison  is  added  to  the  local  action. 
These  general  actions  may  occur  even  when  the  poison  causes  no  apparent 
changes  in  the  or^an  with  which  it  first  comes  in  contact.  Although  many 
local  actions  of  poisons  may  involve  distant  portions  of  the  body  by  ii'ritation 
and  paralysis  of  the  nerves,  those  changes  which  are  termed  general  actions  of 
poisons  depend  exclusively  upon  the  absorption  of  the  poison  by  the  blood. 
As,  however,  the  various  organs  react  very  unequally  to  the  different  poisons, 
it  is  quite  possible  that  the  poison  may  cause  no  apparent  change  at  the  place 
of  its  first  action,  but  may  greatly  injure  other  organs  to  which  it  is  curried  by 
the  blood. 

The  absorption  of  the  poison  by  the  blood  takes  place,  as  a  i-ule,  by 
diffusion  through  the  capillaries  and  veins.  In  many  causes  the  lymph-vessels, 
serous  cavities,  and  nerve -sheaths  also  seem  to  take  pai-t  in  the  absoq^tioo, 
but  they  too  ultimately  conduct  the  poison  into  the  blood-stream.  Here  the 
poison  l>ecoraes  mingled  with  the  blood.  It  may  then  decompose  the  blood  or 
act  mainly  on  the  vessel  walls  or  on  the  tissues  of  the  organs  through  which 
the  blood  passes,  so  that  the  result  varies  greatly  according  to  the  special 
properties  of  the  poison.  The  reverse  may  happen,  however,  and  the  poison 
may  itself  be  decomposed  by  the  tissues  and  the  blood  during  the  process  of 
its  absorption,  so  that  its  action  may  be  modified  or  sometimes  even  altogether 
arrested.  It  may  happen,  for  instance,  that  poisonous  mineral  substances 
become  non-poisonous  by  oxidation  or  reduction  in  the  blood. 

The  poisons  circulating  in  the  blood  generally,  however,  tend  to  accumulate 
in  certain  organs  within  which  they  frequently  develop  their  chief  action  and 
often  cause  very  remarkable  tissue  changes.  The  excretion  of  the  poison 
begins  simultaneously  with  this,  as  a  rule.      The  kidneys,  intestinal  mucous 
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membranes,  salivary  glands,  liver,  lungs,  and  sweat-glands  may  be  mentioned  aa 
the  channels  by  %vhich  the  body  rids  itself  of  the  injiirious  substance  which 
destroys  the  stnicture  of  its  orgawB,  and  frequently  causes  death  before  this 
excretion  has  obviated  the  danger. 

Attention  will  first  be  directed  to  the  hloml^  if  we  trace  this  general  toxic 
action  through  its  separate  stages.  Our  highly  perfected  chemical  methods 
have  made  it  possible  to  demonstrate  the  presence  of  the  poisons  in  the  blood 
in  nearly  all  cases.  Many  poisons  cause  no  special  changes  in  the  blood,  how- 
ever, while  others  aflect  it  to  a  very  considerable  cxt^^nt.  Von  Dusch  and 
Kiihne  were  the  first  to  demonstrate  the  important  fact  that  the  bile-acids, 
when  they  enter  the  blood,  can  dissolve  the  red  blood  corpuscles,  so  that  free 
haemoglobin  in  solution  circulates  in  the  plasma.  Many  other  poisonous  sub- 
stances have  the  same  power,  since  the  haemoglobin  is  very  loosely  combined 
with  the  stroma  of  the  red  coqmsclea  Chloroform,  ether,  and  carbolic  acid 
naaj'  produce  the  same  result,^  as  also  do  arseniuretted  hydrogen,-  the  chlorates 
of  tht*  alkalies,^  helvellaic  acid  (the  poisonous  principle  of  the  lldvdUt  tscidrrUa)^* 
and,  lastly,  quillaiac  acid  and  cyclamin/' 

The  bffimoglobin,  which  has  been  dissolved  in  the  blood,  afterwards  passes 
fairly  quickly  into  the  urine,  changing,  at  the  same  time,  into  methiemoglobin 
and  imparting  a  brownish  colour  to  tho  urine,  nifthctmoglohinuria.  Another 
part  of  the  free  haemoglobin  in  the  blood  becomes  bile-pigment  in  the  liver 
(Naunyn).  This  formation  of  bile-pigmetit  may,  under  certain  circumstances, 
attain  such  proportions  that  a  greater  or  less  quantity  of  the  pigment  passes 
back  into  the  blood  and  gives  rise  to  a  diffuse  yellow  coloration  of  the 
whole  body.  This  yellow  coloration  (icterus,  jaundice)  is,  as  a  rule,  most 
marked  in  the  sclerotic  and  skin,  but  also  affects  all  the  organs  and  tissues. 

We  may  term  this  form  of  jaundice  ioik  kierus^  and  assume  that  the 
bile  contained  in  the  bile  ducts  and  intestines  is  increased  as  a  result  of  the 
great  formation  of  bile-pigment.  This  ex[)lanation  is  all  the  more  probable 
since  similar  forms  of  toxic  icterus  are  caused  by  toluylendiamin,^  a  poison 
which  considerably  increases  the  bile-pigment  in  the  liver  without  demonstrable 
solution  of  the  red  corpuscles. 

Part  of  the  bile-pigment  is  then  reabsorbed  into  the  blood  from  the  biliary 
passages  and  from  the  intestine.  This  view  completely  accords  with  the  fact 
that  in  toxic  icterus  nob  only  bile-pigment,  but  also  bile  acids  pass  into  the 
blood  and  thence  into  the  urine,  though  not  invariably.  The  term  MimtogeiMiis 
might  be  used  for  this  form  of  icterus,  in  so  far  as  the  starting-point  of  the  dis- 
turbance might  be  sought  in  the  destruction  or  injury  of  the  red  corpuscles  in 
the  blood-stream.  It  is  not,  liowever,  desirable  to  use  this  terra,  since  it  has 
been  for  some  time  ajtplied  to  a  different  conception  of  toxic  and  infective 
ictenis. 

According  to  the  older  theory  of  ha?matogenou8  ictenis,  the  transformation 
of  haemoglobin  into  bile-pigment  takes  (dace  in  the  blood.  Naunyn's  investiga- 
tions have  proved  that  this  theory  was  not  sufficiently  well  foonded.  The 
liver  must  be  recognised  as  the  chief  seat  of  the  production  of  bile-pigment. 
Minkowski  and  Naunyn,  after  completely  remo\Tng  tho  liver  in  ducks  and 
geese,  found  that  no  i>i!e-i)igmfiit  was  formed  when  the  hemoglobin  was 
dissolved  out  of  the  red  corpuscles  of  the  blood.  This,  of  course,  floes  not 
prove  that  the  jiroduction  of  bile-pigment  in  the  blood  is  altogether  impossible ; 
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but  we  must  assume  that  it  is  only  under  exceptional  conditions  that  this  can 
take  place.  When  the  oxygen  of  the  blood  is  excessively  diminished,  I  think 
that  the  possibility  of  such  an  event  cannot  be  absolutely  excluded,  especially 
if  toxic  and  infectious  influences  have,  at  the  same  time,  destroyed  some  of  the 
red  blood  cells. 

As  regards  the  remaining  organs  and  tissues  of  the  body,  excluding  the 
liver  and  blood,  we  know  for  certain  that  a  pigment,  hcE^nruitoidinj  related  to  or 
identical  with  the  bile -pigment,  may  be  formed  in  any  situation  from  ex- 
travasated  blood.  According  to  Neumann's  researt^hes,  tiiia  occurs  more 
esjitecially  in  the  centre  of  the  larger  extravasations  of  blood  which  are,  ihere- 
fore»  at  a  consideruble  distance  from  living  cells.  The  results  obtained  by 
Panski  and  myself,  with  regard  to  the  pigment  of  the  spleen,  make  it  probable 
to  me  that  the  want  of  oxygen  is  the  determining  cause  of  the  production 
of  bile-pigment  or  of  hsematoidin  when  hiemoglobiu  breaks  down.  The  small 
amount  of  oxygen  in  the  blood  circulating  in  the  capillaries  of  the  liver  is  quite 
in  accordance  with  this.  If,  however,  biie-pigment  or  hsematoidin  may  be 
formed  in  any  of  the  tissues  under  various  pathological  conditions,  we  must 
also  mhnit  the  possiljility  that  icteais  may  originate  in  any  tissue. 

A  case  of  poisonous  snake-bite  which  I  had  an  opportunity  of  observing 
seems  to  support  this  view.  A  strong  adult  kl>ourer  was  bitten  by  an  adder 
on  the  middle  finger  of  the  left  hand.  Qiklematous  swelling  of  the  whole  left 
upper  extremity,  including  the  shoulder,  set  in,  and,  at  the  same  time,  multiple 
haemorrhages,  up  to  the  size  of  a  pea  and  partly  confluent,  af)peai*ed  in  the  skin 
in  the  swollen  parts.  On  the  fourth  day  the  two  small  punctured  wounds 
of  the  bite  had  healed ;  but  the  swelling  and  ha^moiThages  of  the  left  arm  and 
shoulder  continued.  The  swollen  area  became  distinctly  jaundiced  at  the  same 
time,  while  the  remainder  el  the  body,  more  especially  the  sclerotic,  showed 
no  yellow  coloration.  It  was  not  till  the  sixth  day  that  traces  of  an  icteric 
tinge  ap|>eared  in  both  the  sclerotics,  but  the  yellow  tinge  in  the  arm  (in  which 
the  swelling  was  now  reduced)  M^as  still  much  more  distinct  than  in  other 
parts.  There  was  no  fever.  Some  days  later  the  patient  retui-ned  to  his 
work,  cured,  and  was  lost  sight  of.  This  observation  is  undoubtedly  most 
naturally  explained  by  the  assumption  that  the  enormous  swelling  of  the  arm 
impeded  the  circulation  by  pressure  on  the  capillaries  and  caused  a  deficiency 
of  oxygen  in  the  diseased  ami.  The  htemoglobin  of  the  multiple  haemorrhages 
of  the  sldu  was  thereby  transformed  in  situ  into  the  yellow  pigment,  and 
subsequently  gave  rise  to  general  icterus  after  being  absorbed  into  the  blood. 
It  cannot  be  denied  that  other  explanations  are  possible.  This  case,  however, 
again  made  it  very  apparent  how  little  attention  haa  been  i>aid  in  more  recent 
investigations  to  the  possibility  that  the  tissues  outside  the  liver  may  form  a 
considerable  amount  of  blood- pigment  and  thus  produce  icterua  It  is,  of  coiu'se, 
allowed  that  crystallised  hfematoidin,  identical  with  bilirubin,  is  always  formed 
in  the  centre  of  large  blood  extravasations  (Virchow,  Neumann);  but  the 
number  of  observations  which  prove  the  appearance  of  icterus  after  extensive 
hiemorrhagea  in  the  tissues  is  very  limited. 

If  metha-moglobinuria  and  icterus  may  be  classed  as  characteristic,  though 
not  invariable  results  and  actions  of  the  blood  poisons,  the  list  of  changes  is  by 
no  means  exhausted.  Blood  poisons  of  slight  intensity,  such  as  sapotoxin  and 
aolvin  (Kobert),  which  rapidly  dissolve  the  rod  corpuscles  outside  the  body,  do 
not,  as  a  nile,  seem  to  be  capable  of  producing  this  result  i;vithin  the  living 
body  of  an  animal.  That  they  do  cause  changes  in  the  blood,  however,  is 
to  be  inferred  from  the  dark  coloui*  assumed  by  the  blood  in  the  vessels,  and 
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also  by  post-mortem  changes  ;  for,  in  animals  which  have  been  poisoned  in  this 
way,  the  blood  is  observed,  shortly  after  death,  to  be  dark,  somewbat  like  tar 
in  appearance,  resembling  the  condition  found  in  man  after  many  infectious 
diseases.  Other  disturbances  of  a  quite  different  character  may  also  appeal" 
in  other  cases.  Cyclamin,  for  instance,  very  rapidly  produces  fihrinoiia  coagular 
tion  of  the  blood  in  the  vessels  (Koljert),  as  also  does  ether  (Naunyn) ;  this 
Jatter  only  after  iotraveDous  injection,  however. 

Otlier  poisons  enter  into  chemical  combination  with  the  haemoglobin,  and 
thus  more  or  less  completely  arrest  its  power  of  carrying  oxygen.  Thus,  in 
poisoning  by  charcoid  fumes,  carbonic- oxide -hajmoglobin  is  formed,  and  in 
poisoning  by  sulphuretted  hydrogen,  sulph-huimoglobiu  or  sulph-hsematin.  In 
poisoning  by  bi-sulphide  and  by  oxy-sulpbide  of  carbon  (C,  Schwalbe),  the  red 
blood  corpuscles  break  clown  and  a  finely  granular  black  pigment,  melanin,  is 
formed  in  the  blood,  and  is  found  partly  in  free  circulation  in  the  plasma,  and 
partly  in  combination  with  the  rod  and  white  corpuscles.  It  is  then  deposited 
in  various  organs  on  its  way  thi*ough  the  body,  more  C9p*3cially  in  the  spleen 
and  bone-raarrow-  A  febrile  rise  of  temperature  seems  to  occur  at  the  same 
time,  perhaps  induced  by  the  breaking-down  of  the  red  and  white  corpuscles. 
It  is  known,  at  least,  from  the  researches  carried  out  in  Dorpat  by  M.  ixlelberg, 
under  the  direction  of  A.  Schmidt,  that  the  fibrin  fennent,  set  free  by  the 
disintegration  of  the  blood  cor|)U8cle8  in  living  animals,  gives  rise  to  pjTexia. 

These  well -authenticated  facts  are  suiiicient  to  explain  the  injurious  effects 
produced  by  many  poisons  on  the  composition  of  the  blood.  Further  investi- 
gation in  this  direction  will  doubtless  reveal  many  other  disturbances.  The 
poison  circulating  in  the  blood,  and  the  blood  which  has  been  altered  in  its 
chemical  composition,  very  frequently  act  injuriously  on  the  vessel  walls  also. 
As  a  rule,  this  injury  is  manifested  by  an  increase  in  the  permeability  of  the 
capillary  walls.  Multiple  punctifonn,  or  even  exteriit>ive,  haemorrhages  appear, 
especially  in  poisoning  by  phosphorus,  iodide  of  |jot:issium,  iudine,  ergot,  and 
snake  poison.  Poisoning  by  horux  is  sometimes  aocompauied  by  small  multiple 
hiemorrhagos  in  the  skin  ;  carbonic  oxide  poisoning  leads  to  hscmorrhages  into 
the  membranes  and  substance  of  the  brain.  Sapotoxin,  quilluiac  acid,  and 
solvin  cause  ha?morrhages  in  the  gastro-intestinal  raucous  membi-ane.  All  these 
haemorrhages  come  from  capillaries  whose  walls  show  no  striking  structural 
changes :  they  must,  therefore,  be  referred  to  a  pathological  increase  in  the 
permeability  of  the  vessel  walls,  and  especially  of  the  intiraa,  since  the  normal 
intima  rdlowa  the  fluid  part  of  the  blood  to  pass  into  the  tissues,  but  almost 
completely  keeps  back  the  celhilar  elements.  Poisons  %vhich  cause  such  increase 
of  the  permeability  of  the  capillary  walls  as  to  lead  to  a  copious  exudation  of 
blood  phisma  are  much  more  rare  ;  but  we  may  mention,  in  this  connection, 
that  great  oedema  into  the  subcutaneous  cellular  tissue  occurs  in  poisoning  with 
the  leaves  of  Bobinm  pseudacacia  and  with  paraphcnylendiamin  (Robert),  In 
carbonic  oxide  poisoning,  also,  we  find  tedematous  eflusiotis  into  the  lungs  and 
serous  cavities,  and  the  introduction  of  a  largo  quantity  of  dilute  sohition  of 
potassium  ferrocyanide  into  the  blood  leads  to  localised  serous  eflfusions  into 
the  pericardial  sac. 

In  other  cases,  as  in  intoxications  by  ferments  and  by  muscarin  (Sahli), 
osdematous  conditions  are  also  observed  in  the  lungs ;  but  the  relations  in 
these  cases  are  less  clear,  because  these  poisons  impair  the  tone  of  the 
vessel  w^alls  and  the  force  of  the  heart.  These  cases,  however,  draw  our 
attention  to  the  fact  that  in  many  cases  of  poisoning  the  abnormal  condition 
of  the  blood  imi>airs  the  tone  and  elasticity  especially  of  the  middle  coat  of 
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the  arteries.  Thus,  in  bariura-poifloning  there  is  a  contraction  of  the  arterial 
walU  antj  a  nm  of  blood-pressure,  while  amyl  nitrite^  nitro-glycerine,  nitrite  of 
loda,  and  all  the.  substances  which  form  methremoglobin,  lower  the  tone  of 
the  arterial  wal].  In  arsenical  poisoning  this  occurs  in  a  more  localised  manneT 
in  tiio  region  aupplied  by  the  splanchios,  e.fj.  in  the  intestine.  Phosphorua 
and  lead  poiHOiiing  produce  similajr  resiilfs,  while  there  is,  at  the  same  time, 
a  fatty  degum^ration  of  the  muscular  coat  of  the  vessels  in  the  more  seiioog 
ca(Mn»  of  jKjittoning  at  least.  Chronic  It^ad-poisoning  plays  an  important  part 
in  the  etiology  of  arterio*Bclerosis,  a  disease  which  consists  eesentially  of  ao 
impairment  of  the  tone  of  the  middle  coat  of  the  arteries. 

I^'iMtly,  thf.  rffrrU  produced  on  ihr  pjrenfhyma  of  the  vntious  organs  of  the  humam 
htnlfj  it  if  piritiftiK  whkh  have  been  ahsorkd  hj  (he  blood  manifest  themselves  in  many 
Very  dilTiirtHit  ways.  Tho  contrul  and  peripheral  nervous  system  again  shows 
the  ^erntOHt  H!iHcn>ptiltility.  Many  of  the  80*callecl  nerve  poisons  give  rise  to 
no  Rf  riouK  chaiijui^M  nithor  at  tho  spot  whore  they  are  first  absorbed  or  in  the 
liloitd,  nlthnugh  thi^y  riiay  bo  (h^numatrut^Hl  chemically  in  the  blood.  Many  of 
tbnni  corittinly  eauwo  luual  disturbatietis  of  innervation  as  well  as  of  circulation 
und  lirtMnn-niiLritifMi  at  tlw  place  where  they  are  first  absorbed-  All  those 
iKvrvo  poiHonm,  however,  load  to  manifold  functional  disturbances  in  the  central 
and  p<»ri)itioral  nervous  systom  by  acting  on  the  different  nerve  apparatuses 
*<ithiM"  by  irritation  or  iwiraiyais.  Thus,  more  particularly,  there  may  be 
h\'|ii*ru>«ithe«in>i  and  pwalyscs  of  ^rMisation,  twitchings  in  the  muscles,  tonic  and 
clnniii  tni»ivnUit)Ji*  or  trismus.  In  oth^r  cjjs<is  more  or  less  well-marked  motor 
pi«ridym'«  or  di^turlvniriH  of  the  itiru^rvation  of  tho  respiration,  of  the  heart's 
urtiun,  atul  thr  MiUHcuhir  walls  of  the  arteries  may  cause  death.  To  this 
olAilM  ln*huig  nuuiy  vegetable  idkaloids,  curare,  and  many  of  the  poisonous  pro- 
d(h't«  of  aniniid  metalMiliNni,  as,  for  instance,  that  derived  from  river  mussels, 
itnd  nUo  luiuiy  poiKonH  rftiultjng  from  putrefaction  of  the  animal  body.  Special 
I'  inn  lu'ir  of  tlu)  lu'tionti  of  tlio  nerve  poisons,  ojriiini,  haschish,  cocaine, 

.1  oiiiolino,  pilocar[iini<,  voratrine,  strychnine,  and  many  others,  would 

lead  UN  too  far.  It  ought  to  be  s]»ocially  mentioned,  however,  that  many  of 
lh«»»»»  ntM'Vo  poisons  involve  tho  heat  -  regulating  centre,  most  frequently 
produdlng  a  fall  in  tlu^  t4>mperaturt>  of  tho  body  (quinine,  alcohol),  but,  in  a 
ti>w  eauh*!,  a  rino  (/^-Tetrahydronai»hthylamin,  IL  Stern)  which  resembles  pyrexia! 
riwe  of  (iun|MU-atnre  in  many  points, 

The  aethujn  of  the  puinonetl  bh«id  on  othor  organs  are  also  very  varied,  so 
(hut  a  nimjile  uceninit  in  not  oawily  givt-n.  Hut  wo  can  distinguish,  geneiully 
upeaKinu,  UkIwooii  the  moi\>  loealinoil  actions  of  poisons  which  are  produced 
liv  tlie  Rpet^lal  MfHnity  of  somo  of  the  poimms  circulating  in  tho  blooil  for  certain 
tu'KfirtMt  tnui  lIuMHsetiona  of  fHUNond  which  a|)pear  to  bo  more  or  less  completely 
drpondent  Upon  M  ^ouorld  di>«turNinre  <*{  metaboltMrn. 

\mv»nn  tbo  looid  |v»tholngieal  conditions  caUAed  by  poisons  circulating 
in  llu»  bU>od,  tho  v^han^m  in  tho  wall  of  tho  intestine  are  aniong  the  most 
buportunl-  In  mnny  po\*ouln4c»,  «»ve«  by  nulKnitimeoua  or  intravenous  injection, 
M  flbrliuiit*  «\\\i\Utit\»  Umw  iui  tho  iumH>u»  membrane  of  the  ileum  and  colon, 

*0VinA  then"  nwy  tH>  suiM^rticial  destruction  of  these 
>i\«  ((I  \\\\\\\\  tho  tk^nus  crvnip  and  diphtheria  have 
Uomy       On'^  '  the  nmcons  membrane 

Sv   4uV^V»«i\  disjitdvo  the   rctl   blood 

UK   »olvin,    cyclamin,  as 
,,,  p-,,,   u  "  '    ■■  '  '">  ^  ,.    *<,.  ,,,    „.„,   ...-   pupils  more  esjujcially. 

>4iuuv  i\\\^  •w^^  M  ttcw  Mhl  *brin  (KoWrt),  act  similarly, 
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and  BO  also  do  substances  which  cause  paralysis  of  the  arteries  in  the  area 
supplied  by  the  splanchies,  such  as  emetin  and  snake  poison  (Feoktistow). 
The  mineral  poisoos,  which  are  excreted  by  the  intestinal  mucous  membrane 
after  absorption  by  the  WockI,  are  perciiloride  of  mercury,  antimony,  and 
arfienic.    These  cause  serious  lesions,  generally  diphtheritic. 

Poisons  circulating  in  the  blood  also  cause  many  remarkable  lesions  in 
the  «ilm  Exaiithematous  symptoms,  resembling  scarlet  fever,  are  well  known 
in  poisoning  by  belladonna  and  stramonium.  Small  multiple  punctiform 
hsemorrhages  of  the  skin  are  observed  in  borax- poisoning,  and  in  arsenical 
poisoning  marked  redness  of  the  skin,  with  the  fonnation  of  numerous  small 
vesicles,  is  sometimes  foimd. 

The  most  familiar  example  of  the  actions  of  poisonous  substances  in  other 
organs  is  the  intiuence  of  phosphorus  in  small  doses  in  promoting  the  ossifica- 
tion of  the  bony  skekitm,  in  early  life.  The  investigations  of  Wegnor  laid  the 
foundations  of  this  subject,  and  have  more  recently  been  confirmed  in  various 
quarters.  This  fact,  however,  is  of  special  importance  for  us  in  this  respect, 
Uiat  it  is  an  instance  of  poisonous  substance  circulating  in  the  blood,  dire«:tly 
exercising  an  influence  -which  promotes  the  processes  of  new  tissue- formation. 
Special  interest,  however,  is  attached  to  the  actions  of  poisons  on  the  organs 
by  which  they  are  excreted  from  the  circulation.  The  changes  in  the  inie&tine 
m  poisoning  by  mercury,  antimony »  and  arsenic  have  already  been  mentioned. 
Disease  of  the  kidneij  also  is  very  frequently  produced  in  this  manner,  !Many 
cases  of  poisoning  by  acids,  for  this  reason,  seriously  impair  the  nutrition  of 
the  renal  epithelium.  Simihirly,  lead  is  piuticularly  harmful  to  the  kidney, 
and,  in  animals  at  le^^t,  i>oisoniDg  with  cerium  and  platinum  lead  to  renal 
dbease. 

Among  the  poisons  already  mentioned  there  are  many  which,  besides  their 
local  actions,  also  seriously  atiect  ike  (jciicral  mUriiive  pmccsseji  of  the  body.  The 
only  one  we  can  discuss  here  is  chronic  lead-poisomng,  which  is  associated  with 
marked  cachexia  and  secondary  functional  disturbances  in  many  organs.  The 
glycosuria,  which  occurs  in  poisoning  by  oxalic  acid,  may  also  be  included 
here.  Particular  interest  is  attiiched,  however,  to  the  disturbances  of  meta- 
bolism in  phosphorus-poisoning,  which  have  been  carefully  investigated,  especi- 
ally by  Bauer.  This  poison  enters  t!ie  blood  and  tissues  and  causes  a  general 
disturbance  of  nutrition  which  is  essentially  due  to  an  arrest  of  the  processes 
of  oxidation  in  the  various  organs.  The  abaoqition  of  oxygen  and  formation 
of  carbonic  acid  are  considerably  diminished.  In  consequence,  degenerations 
occur  which  are  recognised  under  the  microscope  by  the  presence  of  small 
fat  droplets  in  the  gastric  mucou.s  membrane,  the  liver,  the  kidnej^s,  the  heart- 
muscle,  and  the  muscular  coats  of  the  vessel  walls.  In  the  liver  especially, 
in  which  most  of  the  poison  accumulates,  the  fatty  degeneration  of  the  liver 
cells  is  usually  very  extensive  and  striking.  The  increased  disintegration  of 
the  albumen  in  the  organ  causes  an  increase  in  the  excretion  of  nitrogen, 
especially  in  the  form  of  urea.  At  the  same  time,  the  blood  corpuscles 
break  down,  and  the  formation  of  bile  is  thua  ao  greatly  stimulated  that  not 
infre(juenfcly  the  excess  of  bile  constituents  passes  back  into  the  blood  and 
saturates  all  the  organs,  causing  jaundice  or  icterus.  The  spleen  also  becomes 
enlarged — a  fact  which  does  not  appear  remarkable  if  we  remember  that  this 
is  one  of  the  organs  in  which,  even  under  physiological  conditions,  the  rod 
corpuscles  become  broken  down.  Besides  the  destruction  of  red  corpuscles, 
the  presence  of  lactic  acid  in  the  blood  in  jihosphorus-poisoning  is  worthy 
of  mention — a  fact  which  explains  the  serious  impairment  of  the  functions 
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of  the  central  nervous  system,  especially  the  occurrence  of  somnolence.  Lactic 
acid,  however,  is  not  the  only  foreign  Bubstance  in  the  blood  which  results 
from  this  form  of  poisoning.  The  rapidly  developing  destruction  of  so  many 
tissues  also  leads  to  the  overloading  of  the  blood  with  many  other  products  of 
degeneration.  These,  perhaps,  are  mainly  responsible  for  the  disturbed  nutii- 
tiou  of  the  capillaries,  which  is  manifested  by  the  occurrence  of  numerous 
haemorrhages  in  so  many  vascular  areas. 

Tills  brief  review  of  the  most  important  phenomena  of  intoxications  is 
intended  to  indicate  generally  how  the  actions  of  poisons  are  produced,  for 
these  actions  offer  in  many  relations  the  key  to  the  comprehension  of  numeroua 
patholof^ical  processes,  especially  those  of  infective  diseases.  Our  steadily 
increasing  knowledge  of  toxicology  will,  no  doubt,  in  process  of  time,  furnish 
the  important  connecting  Hnk  between  the  results  of  the  chemical  and  the 
anatonjical  methods  of  investigation. 
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T[iK  ancient  Roman  authoi-s,  Varro  and  Columella,  were  of  the  opinion,  as 
Liebermeister  poiiits  out,  that  many  pjroxial  malarial  diseases  were  possibly 
due  to  the  invasion  of  the  human  body  by  low  forms  of  organisms ;  but  it 
was  only  after  the  invention  of  the  microscope  and  the  discovery  of  infusoria 
that  this  doctrine  of  conktfjium  vivum  became  more  generally  applied  and  widely 
known.  The  larger  animal  parasites  were  the  first  to  be  subjected  to  thorough 
scientific  investigation  by  Swammerdam,  Redi,  Pallas,  Kudolpti,  Bremser,  v. 
Siebokl,  Eschricht,  Steenstrup,  Kiichenmeister,  Virchow,  Leuckart,  and  others. 
The  knowledge  thus  obtained  necessarily  supported  the  theory  of  contagium 
tifufii,  and  this,  also,  as  regards  those  contagious  diseases  in  wlrich,  at  first,  no 
parasitic  infective  organism  was  apparent.  It  was  at  least  certain,  after  the 
researches  of  Pallas,  v.  Sieboid,  Eschricht,  and  others,  that  the  liiing  creatures 
fmnd  ill  the  internal  organs  in  many  in  tJte  liver,  ihe  Waivy  the  muscles^  did  not  originate 
by  »poniane^ms  geneniiion,  or  abiogenesiSy  bat  ivere  derived  from  the  external  world.  The 
jHissibilitfj  of  the  imxision  of  a  living  human  being  by  living  (frgani.srns  uus  thus  proved. 
Therefore,  when  Ehrenberg  acquired  more  definite  information  regarding  the 
lowest  forms  of  organisms,  the  lines  were  indicated  by  anatomists  and  mor- 
jthologists  on  which  the  knowledge  of  the  pathogenic  micro-organisms  could  be 
obtained. 

Henle  was  the  first  to  throw  any  real  light  upon  the  pathological  side  of  the 
question  in  two  important  papers,  pubb'shcd  in  the  years  1840  and  1853.  There 
is  no  doubt  that  infective  diseases  are  distinguished  by  characteristics  which 
may  be  most  simply  explained  by  the  assumption  of  a  wntugium  ininun.  They 
attack  a  great  number  of  people  either  simultaneously  or  shortly  after  each 
other,  and  especially  select  those  who  are  in  close  relation  to,  or  who  come  into 
immediate  contact  with  each  other.  They  are  limited  by  time  and  locahty  in 
80  far  as  tht^y  only  visit  cerfciiin  neighl>ourhoods  or  occur  oidy  at  certain  times 
and  then  again  disappear. 

The  theory  of  infectious  diseases  was  further  advanced  by  chemical  research. 
Aft^r  Lavoisier  had  shown,  in  1789,  that  grape-sugar  was  transfonned  by  fer- 
mentation into  alcohol  and  carbonic  acid,  the  question  necessarily  arose  as  to 
what  part  the  yeast  played  in  those  processes,  since  it  coiUd  apparently  not  be 
doubted  that  its  presence  was  necessary.  This  question  has,  in  the  course  of 
time,  received  very  varying  answers,  and  even  at  present  cannot  be  regarded  as 
being  satisfactorily  solved.     Only  the  most  important  points,  however,  can  be 
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discussed  here.  Cagoiard  Latour  (1836)  and  Th.  Schwann  (1837)  were  the 
first  to  i)oint  out  that  yeast  consisted  of  cell-like  formations  which  muUipUed 
during  feTTMnktimn,  and  therefore  that  yeast  was  a  lining  organism.  Some  years 
later  (1839)  Liebig  formulated  his  theory  of  fermentation,  which  was  founded 
on  the  exiierimentiilly  demonstrated  law  that  a  substance,  while  in  the  act  of 
chemical  decomposition,  has  the  power  of  producing  chemical  decomposition  in 
another  body  by  simple  contact.  Yeast  was  supposed  to  be  such  a  body,  in 
a  condition  of  active  transformation  which,  during  fermentation,  communicated 
the  itn|mlse  to  decomposition  to  the  grape-sugar.  In  putrefaction,  however, 
disintegrating  organic  substances  of  another  kind  were  supposed  to  take  the 
place  of  yeast. 

This  chrmiml  theory  of  fermentnivm  and  putrefadion^  set  up  by  Liebig,  has 
received  much  support  and  also  much  opposition,  and  as  a  result  of  the  latter 
many  new  aspects  of  the  problem  have  been  brought  to  light.  The  introduction 
of  the  processes  of  putrefaction  was  the  means  of  opening  up  the  question  of 
generaiio  mpiivoai. 

In  the  eighteenth  century,  after  Spallanzani  had  attempted  to  demonstrate 
experimentally  the  law,  <>mn«  vivuia  ex  om  (she  dx  vivo),  the  doctrine  of  spontane- 
ous generation  was  continually  reAivec!  and  had  obtained  universal  recognition. 
It  was,  therefore,  a  most  imfwrtant  achievement  when  Franz  Schultze,  Schwann, 
HelmhoUz,  Schiooder,  and  von  Dusch  succeeded  in  demonstrating,  by  accurate 
experiments,  that  sid'dances  and  j!uids  liable  to  fcrmenfatian  and  putrefaction,  in 
which  aU  germs  of  living  arganuwis  have  been  destroyed  hj  boiling,  undergo  'ntiiJm' 
fcrrmniaiion  nor  fuirefadmi  so  long  as  the  further  access  of  lidng  /ferjus  is  jpre^Kntefl. 

These  researches  and  their  results  are  among  the  most  important  of  our 
century,  and  have  become  classical  for  all  modern  biological  research.  They 
broke  down  the  till  then  absolute  supremacy  of  the  doctrine  of  spontaneous 
generation  as  regards  pathology  and  pliysiology.  Although  rej>euted  attempts 
were  afterwards  made  to  prove  abiogencsis,  these  were  fruitless.  No  one  has  np 
till  now  been  able,  by  any  method  to  which  exception  cannot  be  taken,  to  pro- 
duce cells  or  living  organisms  from  organic  but  unorganised  bodies. 

In  pathology  also,  where  the  theory  of  free  cell  formation  from  albuminous 
fluids  had  beeu  previously  universally  accepted,  Virchow  advanced  Spallanzani's 
law  in  a  somewhat  modified  form :  omnk  cdluhi  ex  frllnld,  a  law  which  it  has 
only  recently  been  possible  to  confirm  directly  by  the  discovery  of  indirect 
nuclear  division.  Those  investigations  of  Schwann,  Helmholtz,  Schroeder,  and 
von  Dusch  also  introduced  the  most  important  methods  in  use  at  present  in 
bacteriological  technique,  viz.  sterilisation,  closing  tubes  with  plugs  of  wadding, 
and  many  others,  as  well  as  the  methods  for  preservation  of  nutrient  material 
in  a  moist  condition.  The  first  technical  improvements  of  really  great  import- 
ance were  the  introduction  by  Koch  <if  firm  nutritive  media  and  the  method 
of  plate  cultures.  The  researches  of  Schwann,  however,  also  made  a  further 
test  of  Liehig's  fermentation  theory  possible. 

Pasteui'  showed  further  that  yeast  had  also  the  power  of  multiplpng  in 
pure  solutions  of  crystallised  substances,  such  as  various  salts  and  grape-sugar, 
and  of  producing  alcohol  and  carbonic  acid.  Inasmuch,  however,  as  both  tlie 
grape-sugar  and  the  salts  proved  to  be  indispensable  to  fer-raeutiition  as  well  as 
to  multiplication  of  the  yeast,  both  these  constituents  had  to  be  regarded  as 
nutrient  media,  necessiu'y  for  the  metabolism  of  the  yeast  Pasteur  thus 
believed  he  might  fonnulate  his  2>hysiobgic^l  thcvrij  of  fermentati/ni  as  follows: — 
That  the  yeast  required  the  grape-sugar  and  salts  for  nutrition  and  gave  off 
alcohol  and  carbonic  acid  as  metabolic  products.     He  could  not  maintain  his 


HISTORICAL 


49 


theory  in  this  form,  however,  against  the  attacks  of  Liebig  and  others.  It  was 
seen  thatj  in  the  presence  of  a  large  quantity  of  oxygen,  yeast  multi]>lied  rapidly, 
but  formed  only  a  small  amount  of  akohol  and  carboniu  acid ;  while  in  fluids 
with  little  oxygen  the  growth  and  multiplication  of  the  yeast  wore  greatly 
delayed,  but,  at  the  same  time,  much  alcohol  and  carbonic  acid  were  formed. 

The  further  researches  of  Liebig,  Pasteur,  Brefeld,  Maj^er,  Hoppe-Seyler, 
B^rard,  and  others  have  shown  tliat  similar  conditions  arc  present  in  the 
processes  of  putrefaction.  Fermentation  and  putrefaction,  it  is  true,  pre- 
suppose the  presence  of  living  micro-organisms ;  but  they  are  not  siniply  the 
metabolic  processes  of  the  lowest  living  organisms,  for  the  quantity  of  the 
products  yielded  by  fermentiition  and  putrefaction  ie  not  in  direct  proportion 
to  the  growth  and  multiplication  of  these  low  organisms.  Tbey  arc  very 
complicated  processes,  not  yet  satisfactorily  explained  in  all  their  particulars, 
in  which  many  unformed  ferments  are  generated,  and  these — acting  by  contact 
in  the  sense  of  Liebig's  theory  of  fermentation  and  putrefaction — cause  con- 
siderable chemical  decomposition. 

The  knowledge  obtained  by  means  of  these  researches  of  the  organisms 
which  cause  fermentation  and  putrefaction  proved  to  be  of  great  use  with  regard 
to  the  theory  of  infections.  Their  ubiquitous  character  wa«  first  noted,  since 
they  were  found  universally  in  nature  and  in  the  neighbourhood  of  man. 
Exactly  similar  organisms  were  subsequently  found  in  the  bodies  of  man  and 
animals  when  diseased.  In  1855  Poliender  and  Brauell  in  Doipat  discovered 
the  contagium  of  anthrax  in  the  shape  of  small  rod-shaped  bodies  circulating  in 
the  blood,  which,  in  external  appearance,  were  exactly  similar  to  certain  putre- 
factive organisms.  Brauell  had,  as  early  as  this,  succeeded  in  transmitting 
this  disease  to  healthy  animals  by  means  of  inoculation  with  blood  containing 
the  rods.  Davaine  afterwards  carried  out  these  inoculations  systematically, 
while  Pasteur,  Ferdinand  Cohn,  and  Koch  especially,  extended  our  knowledge 
of  these  infective  agents,  to  which  the  name  "bacillus  anthracis'*  was  given,  and 
more  accurately  determined  their  morphological,  biological,  and  pathogenic 
properties.  In  the  meantime,  Recklinghausen  and  Klebs  had  succeeded  in 
demonstrating  the  round  pus-formiug  schizomycetes  of  infective  diseases  of 
wounds  (in  the  years  1866-71).  The  improved  methods  of  staining  and  experi- 
mental technique  soon  produced  fresh  results,  one  of  the  most  important  of 
which  was  the  discovery  of  the  tubercle  bacillus  by  Koch.  It  was  nctw  possible 
in  many  infectious  diseases  to  demonstrate  histologically  the  invariable  presence 
of  the  conlatjium  tnrwff?  in  the  body  of  the  patient  or  in  the  cadaver,  to 
make  pure  cultures  of  this  contagium,  and  to  cause  it  to  multiply  outside  of  the 
animal  or  human  body,  and  finally^  to  generate  the  disease  anew,  experimentally, 
by  inoculation  with  the  pure  cultures  (Koch's  Crii^rin). 

New  questions  now  arose.  How  do  these  living  infective  agents  act 
within  the  body  of  the  patient  1  What  conditions  determine  or  favour 
the  onset  of  the  disease  ?  In  what  way  can  the  onset  of  the  disease  be 
guarded  against,  and  how  can  it  be  cnred  when  once  established  ? 

The  first  attempts  to  reply  to  these  questions  were  made  at  a  time  when  it 
was  only  possible  to  surmise  in  a  general  way  the  connection  between  putre- 
factive organisms  and  the  infective  schizomycetes  of  wounds.  In  the  year 
1853  Panum  was  the  first  to  produce  a  "putrid  poison"  in  the  form  of  an 
extract  from  putrefying  dog's  flesh,  freed  from  living  micro-organisms  by  boil- 
ing and  treatment  with  alcohol,  Schraiedeberg  and  Bergmann  subsequently 
isolated  from  putrefying  beer-yeast  a  poison  resembling  an  alkaloid,  in  small 
yellowish  acicular  crystals  (sulphate  of  sepsin).     In  the  dog  intravenous  injec- 
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tions  of  even  one  centigramme  produced  vomiting  and  htemorrhagic  diarrhoea. 
Panum,  Hiller,  Ziilzer,  aud  Sonnenscliein  demonstrated  several  other  simikr 
bodies  in  putrefying  substances.  Tlie  first  irajK)rtant  step  towards  ii  clear  com- 
probcnaion  of  the  pathogenic  schizomjccetes  was  thus  made.  The  improved 
methods  of  the  present  day,  however,  have  not  only  gre^itly  ndvanced  our 
knowledge  of  the  chemical  products  of  putrefaction,  but  have  aleo  been  the 
means  of  discovering  the  poisonous  metabolic  products  of  muiiy  pathogenic 
achizomycetes.  It  appeiirs  from  the  researchos  of  Selmi,  Nenski,  Brieger,  and 
others  that  these  are  chietly  bodie?3  resembling  alkaloids,  but  that  some  arc 
unformed  ferments  which  act  as  vindent  ]>oisons, 

From  these  researches,  which  are  still  I>eing  eagerly  advanced,  we  leani 
that,  in  most  cases,  the  action  of  the  pathogenic  micro-organisms  is  chemical 
in  its  nature.  The  difference  between  them  and  the  simple  iuto.vications 
lies  in  the  fact  that  very  Braali  numbers  of  the  microorganisms  invading 
the  human  body  multiply,  and  gradually  produce  the  amount  of  poison  recpiired 
to  cause  the  disease.  Between  the  dates  of  infection  and  of  invasion  of  the  human 
body  by  the  micro-organ  isms  and  that  of  the  first  symptoms  of  the  disease, 
there  is  thus  a  longer  or  shorter  interval  of  apparent  health  or  of  only  slight  dis- 
turbance which  has  been  long  observed  clinically  and  has  been  called  the 
inatbfition  ptriod.  After  this  incubation  period  has  expired,  the  symptoms  of 
disease  appear,  and  the  fact  that  these  symptoms  are  remarkably  similar  to 
those  produced  by  tlio  intoxications  is  of  great  importance  as  regards  our 
interpretjvtion  of  the  nature  of  the  process. 

Ajb  in  simple  intoxications  the  actions  of  the  infections  are  either  local 
or  geTieraly  according  as  the  infecting  microorganism  and  its  poisonous  metabolic 
products  remain  confined  to  the  place  of  its  first  invasion,  nr  spread  through- 
out the  body  by  the  blood,  the  tissue  fluids,  and  the  lymph. 

In  the  UmiiI  adiuus  o/  thf>.  inferfiotis  wo  find  the  same  changes  in  the  nei*ves, 
the  blood-vessels,  and  the  tissues  surrounding  them  as  in  the  local  actions  of 
poisons.  Local  cireulatarij  reof tions  occur  ckiefiy  as  the  resuU  of  dhturbana's  of  the 
vaso-moior  innert'afion.  These  may  be  very  considerable,  but  are  sometimes 
alight  and  may  be  altogether  absent,  just  as  was  observed  in  the  actions  of 
poisons.  In  many  cases  the  tone  of  the  wallii  of  arteru'S  and  veins  is  disturhed^ 
and  the  capillary  walla  are  directly  afiected,  thdr  permmhilitf/  licing  increased. 
These  changes,  accordingly,  n-sult  in  extensive  saturation  of  the  tissues  with 
the  fluid  constituents  of  the  blood,  emigration  of  leucocytes,  diapedesis  of  red 
blood  corpuscles,  formation  of  punctiform  e.xtmva.sations  of  blood,  and  even 
extensive  hfemorrhages.  Associated  with  those  there  are  rdrogtrc^sivc  ami  pro- 
gressive disfnrbancrs  of  tisane  nnhifioji,  local  death  of  tissue  (necrosis),  many 
secondary  degenenitions  and  new  tissue  formations.  These  last  are  fretiueutly 
regenerative  in  character  and  may  sometimes  occur  oven  without  previou.s 
destruction  of  tissue,  as,  for  instance,  in  tuberculosis. 

The  different  combinations  of  these  local  reactive  phenomena  produce 
many  varying  symptoms  of  disease  wdiich  from  early  times  have  been  usually 
classed  under  the  term  '*  infiammatiun."  If  we  bear  in  mind  the  conclusions 
whiclt  have  been  an-ived  at  in  the  preceding  chapters,  we  may  describe  in- 
flammation in  its  essential  features  as  a  traumatic,  toxic,  or  infective  local 
lesion  (htsio  tmuniaticn^  iorica,  infectiosa  locaU£).  By  this  definition,  however, 
we  limit  the  idea  of  inflammation  considerably  as  contrasted  with  the  general 
use  of  the  word,  since,  as  a  rule,  those  changes  in  the  whole  organs  which 
depend  upon  genenil,  toxic,  and  infectious  diseases  are  also  de.scribed  as  inflam 
mations.     The  fact  is,  there  are  very  few  forms  of  disease  which,  for  some  roason 
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or  other,  have  not  been  described  as  inflammations.  It  is  therefore  better  to 
reserve  the  consideration  of  inflammation  for  a  special  chapter. 

As  may  be  gathered  from  the  facts  already  stated,  tlie  analogy  between 
toxic  and  infective  local  pathological  conditions  is  very  compIet<3,  even 
although  the  phenomena  vary  greatly  according  to  the  ditferent  properties 
of  the  injurious  agent.  If  a  general  distinction  is  to  be  made  between  toxic 
and  infective  local  disease,  it  may  be  pointed  out  that  many  local  infections 
are  characterised  by  a  chronic  course  of  the  tissue  -  forming  processes. 
If  circulatory  reactions  and  tlie  over-nutrition  of  the  tissue  thus  induced  are 
present  at  the  same  time,  the  new  formation  of  tissue  is  not  infrequently 
80  groat  that  the  possibility  of  the  co-optration  of  a  direct  formative  stimulus 
on  the  living  tissue  cells  must  be  admitted.  In  this  respect  also,  the  over- 
nutrition  of  the  tissues  brought  about  by  the  reactive  circulatory  disturbances 
is  of  great  importance  for  the  new  formation  of  tissue.  It  is  doubtful 
whether  the  over-nutrition  is  the  only  cause,  since,  at  present^  it  is  impossible 
to  obtiiin  convincing  proof  of  such  an  opinion,  owing  to  the  complicated  nature 
of  the  phenomena.  If  we  admit  the  possibility  that  these  minute  living 
organisms,  the  infective  agents,  can  produce  a  formative  stimulus  and  originate 
processes  of  new  formation  by  their  direct  action  on  the  living  cells  of  the 
tissues,  we  are  also  justified,  at  present  at  least,  in  regarding  the  chemical 
metabolic  prviducts  of  the  micro-organisms  as  the  medium  of  this  formative 
stimulus.  If  this  be  the  case,  it  must  then  he  alhnved  that  substances,  by 
their  chemical  action,  can  directly  excite  the  nucleus  and  j^rotoplasm  of  the  cells 
to  division. 

The  gifiieml  cwiionSj  also,  of  the  infections  on  the  human  body  show  no 
radical  flifferences  from  the  general  actions  of  chemical  poisons.  This  applies 
to  those  cases  in  which  the  general  disease  is  due  to  the  absorption  by  the 
blood  of  the  poisonous  metabolic  products  generated  by  the  pathogenic 
micro-organisms  in  a  localised  area  of  infection  {fiemral  injertire  iftlatication), 
as  well  as  to  those  cases  in  which  the  pathogenic  organisms  themselves 
invade  the  blood  and  pass  -with  it  to  all  parts  of  the  body  where  they 
multiply  greatly  {gmaral  infedimi).  The  pathological  conditions  which  are 
produced  by  this  means — that  is,  the  general  actions  of  the  infections — vary 
greatly,  of  course,  in  the  different  fonns  of  infective  disease,  but,  at  the  same 
time,  they  are  chiefly  made  up  of  the  same  elemi-nts  as  in  intoxications. 

In  general  infections  the  pathogenic  micro-organisms  have  very  frGf|Ucntly 
been  successfully  demonstrated  in  the  blood,  just  as  were  the  chemical  poisons 
in  general  into.xications.  The  bloody  as  in  jwisoning,  often  shows  only  slight 
changes.  Theise  become  raoro  evident  after  death,  however,  when  the  blood 
becomes  dark  and  tar-like  in  appearance  with  remarkable  rapidity.  In  other  cases 
the  majority  of  the  red  corjmscles  break  down  during  the  course  of  the  disease. 
While  this  is  going  on,  a  black  j^ranular  pigment  may  be  formed  in  the  blood 
(melantrmia)  similar  to  that  formed  in  poisoning  with  carbon  bi-sulphide  and 
oxysulphide  of  carbon  (C.  Schwalbe).  More  frequently  the  free  hjemoglobin 
is  excreted  by  the  liver  and  kidneys,  and  metha?moglobinuria  and  icterus  may 
set  in.  This  infedive  idei^is  is  by  no  means  common,  but  its  mode  of  origin 
agrees  in  all  particulars  \^nth  the  toxic  icterus  which  has  already  been  thor- 
oughly discussed,  with  this  difference,  that  in  this  case  tlie  htemoglobin  is 
set  free,  not  by  chemical  poisons  obtained  from  without,  but  by  the 
actions  of  the  micro-organisms  circulating  in  the  blood,  and  by  their  metabolic 
products. 

The  capillary  walls  are  very  frequently  affected  by  the  general  pathological 
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conditions  caused  by  the  infections,  and  their  permeability  to  the  fluid  and 
solid  constituents  of  the  blood  is  greatly  increased,  Tliis  increase  of  the 
perrMahUity  of  Vie  cajnllary  uhiUs  manifests  itself  by  the  appearance  of 
hEPmorrhagea,  either  small,  multiple,  and  pnnctiform,  or  larger  and  more 
extensive.  In  many  eases,  more  or  less  extensive  dropsical  effusions  (redema) 
occur  along  with,  or  in  place  of,  these  haemoiThages,  in  almost  every  part 
of  the  body  and  especially  in  the  subcutaneous  tissue,  since  the  fluid  portion 
of  the  blood  especially,  ie,  the  blood  plasma,  transudes  into  the  tissues  in  gi-eat 
quantity  as  a  result  of  the  changes  in  the  vessel  walls.  At  the  same  time, 
the  tojte  of  the  artprial  wall  is  affected ;  there  may  even  be  fatty  degeneration 
of  the  elements  of  the  inner  and  middle  coats  of  the  vessels.  It  need  hardly 
be  mentioned  that  all  these  changes  in  the  vessel  walls  cause  circulatory  disturb- 
ances. These  frequently  exert  a  marked  action  on  the  heart,  manifested  by 
increase  in  the  frequency  and  force,  and  sometimes  also  by  abnormal  rhythm 
of  its  contractions. 

The  injurious  substances  taken  up  by  the  blood  in  infections  very  fre- 
quently show,  as  in  intoxications,  special  affinities  for  particular  organs,  and 
these  accordingly  are  chiefly  aff*ected.  If,  as  often  happens  in  infections  also, 
the  exciting  cause  of  the  disease  makes  no  appreciable  changes  at  the  p<:)int 
of  entrance  into  the  body,  the  pathological  condition  of  an  internal  organ  may 
appear  to  be  a  primary  local  disease  from  which  the  general  disease  originated, 
whereas  more  careful  examination  shows  the  disease  of  the  organ  to  be  the 
result  of  the  general  disease. 

The  nermus  systeni  and,  above  all,  the  central  nervous  system  is  by 
far  the  most  susceptible  to  general  infective  disease.  The  centres  whicli 
regulate  circulation,  respiration,  and  temperature  are  particularly  apt  to  be 
affected.  These  disturbances  are  partly  the  cause  of  that  most  variable 
group  of  symptoms  which,  since  early  times,  has  been  described  as  fever. 
Together  with  the  acceleration  of  the  pulse  and  respiration  the  body 
temperature  rises,  often  in  a  very  typical  and  characteristic  manner,  passing 
through  very  dissimilar  cuui'ses  in  diflerent  infective  diseases.  This  pyrexia, 
which  invariably  accompanies  many  infective  diseases,  is  found  in  only  a 
few  intoxications  with  chemical  poisons.  It  has  already  been  mentioned  as  occur- 
ring in  jxjisoning  with  /3f-TetrahydronaphtIjylamin,  bi-sulphide  and  oxysulphide 
of  carbon,  and  fibrin  ferment.  Inasmuch,  however,  as  the  rise  of  body  tempera- 
ture does  sometimes  occur  in  chemical  intoxications,  although  less  fretjuently 
than  in  infections,  there  is  no  peculiarity  in  this  resjwct  which  would  constitute 
a  radical  distinction  between  intoxications  and  infections,  Its  frecpicnt  occur- 
rence in  general  infective  intoxications,  as  in  general  infections,  gives  tfiem  in 
many  instances  a  special  character  which  facilitates  the  diagnosis  of  the 
disease.  It  must  not  be  forgotten  that  the  pjTexia  is  associated  with  a 
great  consumption  of  the  albiunen  in  circulation  and  in  the  organs,  so  that  in 
itself  it  implies  serious  injury.  It  is  also,  accordingly,  frequently  combined 
with  considerable  impairment  of  the  functions  of  the  cerebnim,  with  the  appear- 
ance of  psychical  excitement,  delirium,  or  stupor,  and  somnolence  which  may 
amount  to  unconsciousness. 

The  other  organs  for  which  the  injurious  substances  circulating  in  the  blood 
in  infective  disejises  manifest  a  special  aflinity  are  mainly  the  mucous  membranes 
of  the  iHfj[(dif'e  and  rfspimhnj  tracts,  in  which,  in  addition  to  catarrhal,  croupous, 
and  diphtheritic  processes,  ulcers  may  be  formed.  Characteristic  glamhdar  swellings 
in  the  hjmphnfic  sydtm  also  occur  sometimes,  and,  besides  the  hiemorrhages  and 
oedema  already  mentioned,  red  spots  may  often  be  observed  on  the  akin,  A'arying 
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in  shape  and  size.  These  are  caused  by  congestion  of  individual  capillary  areas 
of  the  skin.  Vesicles  with  clear,  purulent,  or  hjemorrhagic  fluid  contents,  may 
also  occasionally  be  formed  under  the  epidermis.  These  exanihemdta  of  infectious 
disease  are  often  of  great  diagnostic  importance ;  but  similar  appearances  may 
be  seen  in  the  intoxications  also.  The  frequent  presence  of  reiial  disease  is 
also  common  to  both  infections  and  intoxications.  On  the  other  hand,  swelling 
of  the  spleen^  the  so-called  splenic  tumour,  is  very  frequently  found  in  infections, 
especially  in  those  which  have  a  pyrexial  course,  but  is  absent  as  a  rule  in 
intoxications,  It  is  wtdl  known,  iiowever,  that  such  splenic  tumours  are 
observed  in  phosphorus-poisfming  and  are  present  in  many  other  intoxications, 
although  they  are  usually  much  less  noticeable  in  those  cases. 

Phosphorus- poisoning  presents  other  important  points  of  resemblance  in 
regard  to  the  general  didnrhimces  of  meiahiism  which  usually  accompany  the 
rise  of  temperature  associated  with  the  infections.  These  pyrexial  rises  of 
temperature  are  often  assisted  and  hastened,  especially  in  the  initial  stages 
of  the  disease,  by  a  contraction  of  the  vessels  of  the  skin.  The  skin  in  such 
cases  is  supplied  with  only  a  small  quantity  of  blood  and  feels  chilled  in 
consequence,  giving  off  leas  heat  externally  than  normally.  The  heat  formed 
in  the  interior  of  the  body  must,  therefore,  accumulate  and  contribute  to  the 
rise  of  temperature  in  the  interior  of  the  body.  The  chief  source  of  the 
pyrexia,  however,  notwithstanding  this  augmentation,  is  an  increase  of  the  heat- 
production  brought  about  by  an  increase  of  chemical  decomposition.  This 
increased  rlccomposition  is  at  the  same  time  associated  with'  more  or  loss  exten- 
sive disturbances  of  the  assimilation  of  food  and  power  of  absori>tion  in  the 
intestine,  and,  just  as  in  phosphorus-poisoning,  with  retardation  of  the  processes 
of  oxidation.  Under  these  conditions  abnormal  degenerative  processes  neces- 
sarily take  place,  especially  in  those  organs  which  form  the  prnicipal  sources  of 
heat  in  the  human  body,  in  the  heart,  the  skeletal  muscles,  and  thcj  great 
abdominal  glands,  the  liver  and  kidneys.  These  abnormal  metabolic  processes 
frequently  manifest  themselves  histologically  also  by  diffuse  cloudy  swelling  of 
the  parenchyma  of  the  organs,  wliich  may  pass  on  to  fatty  degeneration  of  their 
cellular  elements.  The  liver  is  especially  liable  to  these  disturbances.  Perhaps 
the  poisonous  products  of  the  infective  agents  accumidate  in  it  more  than  in 
other  organs,  as  is  the  case  with  the  chcmica!  poisons. 

It  is  not  only  the  infections  characterised  by  a  heightened  temperature 
that  are  associated  with  such  serioua  general  disturbances  of  metabolism. 
Precisely  similar  histological  changes  arc  found  developed  in  the  apyrexial 
infections,  though  certainly  to  a  less  degree.  If  the  infedions  are  divided  into 
acute  and  chrmh\  the  acute  are  distinguished  by  a  shorter  course,  terminated  in 
a  few  weeks,  while  the  chronic  are  not  infrequently  prolonged  over  several 
years.  It  remains  to  be  noted  that  in  both  forms  there  are  general  dis- 
turbances of  nutrition,  characterised  by  cloudy  swelling  or  fatty  degeneration, 
especially  of  the  liver,  the  kidneys,  and  the  heart-muscle,  and,  associated  with 
these,  there  is  frequently  a  remarkable  diminution  of  the  subcutaneous  fat, 
the  muscles,  the  skeleton,  and  nearly  all  the  other  organs  in  both  the  pyrexial 
and  apyrexial,  the  acute  and  the  chronic  infections.  These  disturbances  may 
be  transient,  and  regeneration  and  restitution  take  place  after  recovery,  but 
they  may  also,  however,  cause  a  fatal  result  by  consecutive  serious  functional 
disturbances  in  the  liver,  the  kidneys,  the  central  nervous  system,  and,  above 
all,  the  heart. 

This  account  has  brought  into  particular  prominence  the  many  points  of 
agreement  between  the  infections  and  the  intoxications.     The  differences  in 
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the  properties  of  the  iojurioua  agente  now  alone  remain  to  he  descrihetl.  Theae 
[jroperties  of  the  pathogenic  micro-organisms,  however,  show  many  character- 
istics which,  when  closely  examined,  prove  to  be  of  some  imi>ortance. 

The  injury  to  the  body  arising  from  the  loss  of  a  certain  amount  of 
valuable  nutritive  material  by  the  metabolism  of  the  pathogenic  micro-organisms 
and  parasites  may  certainly  be  of  only  slight  importance.  It  is  uidy  in  certain 
isolated  cases  too  that  pathogenic  microbes  supplant  the  microorganisms  normally 
present  in  the  intestinal  contents,  which  are  of  such  great  iraportjinco  for  the 
processes  of  digestion,  and  in  this  way  disturb  the  physiological  symbiosis  between 
man  and  the  micro-organisms,  to  the  detriment  of  the  former.  In  the  same  way 
it  is  very  seldom  that  mechanical  disturbances  of  the  circulation  of  the  fluids 
of  the  body,  the  blood,  or  the  lymph  are  produced  by  microbes,  so  that  this 
also  hardly  comes  under  consideration  in  a  general  account.  On  the  other  hand, 
the  series  of  conditions  which  determine  the  onset  of  the  disease  after  the  en- 
trance of  chemical  poisons  and  infective  material  is  of  great  interest.  There  are 
some  important  differences  in  this  respect  between  intoxications  and  infections. 

It  has  often  been  observed  that  many  species  of  animals  are  not 
susceptible  to  certain  chemical  substances  which  are  highly  [joisonoiis  for  man, 
and,  rice  vn^d^  that  the  humart  body  bears  comparatively  well  some  poisons 
which  ai'e  very  injurious  to  the  lower  animals.  Thus  the  hcdgeliog  bears  large 
doses  of  cyclamin  (Kobert),  a  virulent  poison  for  man  j  while,  on  the  other  hand, 
man  is  hardly  injured  by  naphthalin,  which  proves  rapidly  fatal  to  many  of 
the  lower  animals.  We  have  here  to  deal  with  very  different  organisations, 
however,  and  thus  the  appearance  of  such  differences  in  the  actions  of  poisons  is 
not  surprising.  If  the  consideration  of  the  actions  of  chemical  poisons  l.te  limited 
to  man,  a  great  similarity  will  be  found  in  these  actions.  Of  course,  the  smallest 
effectual,  and  minimum  lethal  doses  vary  to  a  certain  extent  in  different  indi- 
viduals, but  apart  from  such  slight  differences  the  reaction  to  chemical 
poisons  in  different  individuals  is  essentially  the  same,  especially  if  we  leave 
out  of  account  the  toleration  of  certain  j>oisons.  In  this  we  are  all  the  more 
justified,  since  this  toleration  of  large  quantities  of  poison  may  be  equally  well 
acquired  by  all,  or^  at  least,  by  most  individuals.  Such  a  uniformity  of  reaction  to 
tho  infective  organisms  is  not  found  as  a  nde.  While  one  individual  takes  the 
infection  very  slightly,  many  others  are  much  more  seriously  affected,  and  many 
may  expose  themselves  with  immunity  to  infective  poisons  without  being  affected 
at  all.     Such  individuals  are  said  to  be  immune  toward  certain  infections. 

This  immunUij  of  some  individuals  toward  infective  agents  to  which  others 
easily  succumb,  can  only  be  explained  by  a  difference  in  the  condition  of  the 
individual.  Inasmuch,  however,  as  these  diflerenccs  are  so  slight  that  they 
cannot,  as  a  rale,  be  determined  by  our  present  methods  of  investigation,  we 
are  forced  to  assume  that  the  infective  agents  are  very  susceptible  to  trifling 
differences  in  the  organism  they  iidect.  This  susceptibility  of  the  infective 
agent  is  manifestly  a  peculiarity  connected  with  their  own  proper  metabolism — 
a  peculiarity  which  belongs  chiefly,  if  not  exclusively,  to  the  animate  infective 
poisons  as  opposed  to  the  inaniniato  chemical  poisons. 

The  immunity  of  some  individuals  depends  i)artlj'',  however,  on  the  fact 
that  the  living  body  of  man  and  animals  generally  offers  a  certain  resistance 
to  the  further  development  of  the  micro-organisms  which  have  penetrated  from 
without  In  this  connection*  a  struggle  between  the  living  cells  of  the  human 
body  and  the  living  cells  of  the  micro-organisms  has  been  suggested.  Certain 
varieties  of  cells,  especially  the  white  cells  of  the  blood  and  lymph  and  the 
wandering  cells  of  the  tissues,  were  supposed  to  devour  the  invading  pathogenic 
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organisms  and  to  destroy  them  (phagocytes  of  Metschnikoft").  Such  phago- 
cytosis undoubtedly  does  occur,  bat  the  tissue  cells  do  not  always  come  off 
victors  in  the  struggle,  as  is  shown  specially  well  in  leprosy.  Further 
researches  show  that,  as  a  rule,  the  character  of  the  fluid  and  solid  constituents 
of  the  human  XmA^  is  unfavourable  to  the  development  of  pathogenic  micro- 
organisms, that  the  blood  plasma  and  t)ie  fresh  tissue  fluids,  especially,  are 
able,  within  certain  limits,  to  destroy  bacteria.  Fortunately,  the  human  body 
is,  by  virtue  of  the  properties  of  all  ite  constituents,  a  nutritive  medium 
little  suited  for  the  development  and  multiplication  of  the  animate  infective 
agents,  as,  otherwise,  the  human  race  would  bo  soon  exterminated. 

A  most  important  fact  which  has  long  been  knovvn,  is  closely  related  to 
these  observations.  One  attack  of  many  infective  diseases,  <?.r/.  small-pox  or 
typhoid,  increases  the  fjower  of  resistance  in  the  person  who  has  recovered 
toward  further  infection  of  the  same  kind.  In  this  way  an  acquired  im- 
munity is  obtained,  and  this  fact  was  taken  advantage  of  to  produce  immunity 
artificially.  Originally,  the  contents  of  the  small-iMDX  pustule  were  used  for 
this  purpose,  and  by  this  means  a  true  infection,  as  a  rule,  mild  im  its 
course,  was  caused  which  certainly  gave  great  protection  from  serious  forms, 
but  which  exposed  the  patient  to  most  of  the  dangers  of  the  disease  from 
which  it  was  supposed  to  protect.  It  was,  therefore,  a  great  step  in  advance 
when  Jenner  introduced  milder  inoculating  material,  the  lymph  of  cow-pox 
especially,  for  protective  inoculations,  and  Past«ur  has  shown  generally  that 
many  infective  agents  may  be  artificially  converted  into  inoculating  material, 
milder  but  still  protective,  b}^  cultivating  them  under  unfavourable  conditions. 
These  results  are  also  manifestly  connected  with  the  fact  that  the  healthy 
human  body  in  itself  opposes  a  certain  resistance  to  infections,  for  the 
changes  which  remain  in  the  human  body  after  such  protecting  inoculations 
cannot  be  radical,  even  when  they  are  effectual. 

The  great  importance  of  even  trifling  changes  in  the  relation  of  the  human 
body  towards  the  poison  of  infections  is  further  shown  in  mxxed  in/ecthns. 
These  frequently  run  their  course  in  such  a  way  that  arte  infection  renders 
thi  kujimn  Wy  fiiifhh/  susceptible  to  infection  with  other  poisons.  This  fact  is  of 
GtCJ'ptional  imjmtaiice  for  the  physician,  and  is  very  strikingly  manifested  in 
typhoid  for  instance.  Ifc  is  knowTi  that  any  serious  operation  performed  during 
this  disease  usually  runs  an  unfavourable  course.  Other  facts  also  show  that 
typhoid  causes  changes  which  render  the  body  less  resistjiiit  to  infection 
with  septic  and  pus-forming  poisons,  therefore  less  resistant  to  infection  from 
wounds.  Tlie  mortality  in  typhoid  would  undoubtedly  be  reduced  more  than 
one-half,  if  it  were  {>ossible  to  exclude  the  extremely  frequent  occurrence  of  com- 
plications, such  as  suppuration  of  the  parotid  and  cellular  tissue  of  the  neck, 
abscesses  in  the  lyrapli  glands,  liver,  and  muscles,  funmcle  and  erj'sipelas  of 
the  skin,  purulent  exudations  into  the  brain  membranes,  and  septic  and 
gangrenous  disease  of  the  lung ;  and  yet  these  disturbances  originate,  in 
many  cases,  in  unimportant  fissures  of  the  skin,  in  small  cracks  in  the  dry 
raucous  membrane  of  the  tongue,  or  in  arrest  of  the  salivary  secretion — 
conditions  which  may  l>e  avoided  by  suitable  nursing  and  sufficient  supply 
of  drinks  to  allay  the  thirst  of  the  patient.  In  many  cases  the  intestinal  ulcers 
in  typhoid,  or  abrasions  elsewhere,  form  the  starting-point  of  secondary  infec- 
tion, and  of  these  sources  only  the  latter  seem  accessible,  to  a  certain  extent, 
to  prophylactic  treatment 

The  course  of  infective  diseases,  which  may  occasiomilly  be  much  prolonged, 
depends  upon  the  nature  of  the  infective  poison — a  fact  which  also  serves  to 
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differentiate  tliem  to  a  certain  degree  from  the  intoxications.  A  single  adminis- 
tration of  a  chemical  poison  produces  an  illness  which  tends  to  terminate,  in  a 
comparatively  short  time,  in  recovery  or  death,  and  only  in  a  few  cases  results 
in  a  long  illness.  The  chemical  poison  is  excreted  in  a  longer  or  shorter  time 
after  its  absorption  ;  tlie  infective  material,  however,  reproduces  itself  as  a 
living  organism.  Tlius  infective  disease  may  last  for  many  years  before  the 
patient  succumbs.  In  other  cases  recovery  sets  in  sooner  or  later.  The  sup- 
position has  frequently  been  advanced  that  the  pathogenic  micro -organisms 
exhaust  the  human  body  in  the  same  way  as  putrefactive  organisms  exhaust  a 
fluid  capable  of  putrefaction.  If  a  pure  culture  of  micro-organisms  is  inoculated 
into  a  given  quantity  of  suitable  nutrient  medium,  free  from  geims,  it  develops 
rapidly  at  first,  and  in  a  few  days  increases  to  a  dense  colony,  eiisily  seen  by 
the  naked  eye.  An  arrest  of  growth  then  occurs  more  or  less  suddenly  and 
the  culture  may  even  die,  either  because  the  nutritive  medium  is  exhausted  and 
deprived  of  an  element  necessary  for  the  existence  of  the  organisms,  or  in 
many  cases,  because  they  themselves,  by  their  metabolism,  generate  certain 
chemical  bodies  which,  like  the  phenol  combinations  (E.  Baumann)^  either  kill 
the  organisms  or  arrest  their  further  development. 

Ckimplete  exhaustion  of  the  nutritive  substances  in  the  hnmaii  body 
necessary  for  the  existence  of  the  micro-organisms,  is  not  compatible  with  the 
recovery'  for  which  it  is  supposed  to  account  This  must  also  be  true  with 
regard  to  the  great  accumulation  of  the  metabolic  products  of  the  micro- 
organisms. Here,  also,  we  must  bear  in  mind  that  the  living  body  usually 
offers  resistance  to  the  development  of  the  micro-org^inism  by  means  of  the 
cht-mical  properties  of  its  constituents,  and  that  a  trifling  increase  of  this 
resistance  is  sufficient  to  ox|:tel  the  invading  organisms.  Such  a  trifling  in- 
crease of  resistance  may  quite  well  be  accounted  for  by  a  slight  accumulation 
of  the  metabolic  products  of  the  micro-organisms ;  but  in  many  diseases  other 
factors  probably  aid  in  bringing  about  recovery. 

It  has  been  proved  that  many  infective  substances  ai'e  not  easily  conveyed 
directly  from  man  to  man,  but  must  first  pas.s  through  an  intermediate  stage 
outside  the  body  before  they  can  again  successfully  attack  man. 

These  considerations  show  tliat  there  are  many  important  differences  between 
intoxications  and  infections.  The  opinion,  however,  that  the  pathogenic  micro- 
organisms act  chiefly  by  means  of  the  chemical  properties  of  their  metabolic 
products  demands  thorough  examination.  If,  according  to  this  opinion,  infec- 
tive disease  is  to  be  correctly  regarded  aa  a  poisoning  by  the  motabohc  products 
of  the  micro-organisms,  it  must  be  possible,  also,  to  find  an  antidote,  when  this 
poison  has  been  obtained  purt-,  and  by  this  means  to  discover  etfectnal  remedies 
for  the  infectious  diseases,  which  would  subdue  the  functional  disturbances  (and 
thus,  according  to  the  usual  expression,  be  symptomatic  in  their  nature,  inasmuch 
as  they  relieve  the  symptoms  of  disease).  The  susceptibility,  already  mentioned, 
of  the  pathogenic  micro-organisms  to  a  trifling  increase  of  the  resistance  of 
the  human  body  justifies  the  further  hope  that  it  will  be  possible  to  arrest  the 
growth  and  development  of  the  micro-organisms  invading  the  body  and  to  desti-oy 
them  by  chemical  remedies.  Tiie  aim  of  the  physician-^the  removal  of  the 
cause  of  the  disease  at  whatever  stage  it  may  have  reached — would  then  be 
attained.  So  far,  cert;iinly,  only  meagre  results  have  been  obtained  in  this 
direction.  The  doctrine  of  amifujium  vivum  and  the  information  already  ob- 
tained aa  to  the  characters,  mode  of  spread,  and  conditions  of  life  of  the  pathogenic 
organisms,  have  in  very  niaiiy  ways  enabled  us  to  use  successful  prophylaxis 
against  infective  diseases,  which  can  only  be  briefly  referred  to  in  the  following 
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consideration  of  the  individual  pathogenic  organisms.  Universal  and  complete 
success  is  not  to  be  olttained  in  regard  to  prophylaxis.  We  are  not  in  a 
position  to  cut  ourselves  otf  from  the  exteruid  world,  so  that  any  infection 
would  be  impossible.  The  wide  distribution  of  the  pathogenic  micro-organisms 
in  the  vicinity  of  man  makes  this  apparently  impossible.  We  are  only  able  to 
greatly  diminish  the  probabilities  of  the  onset  of  the  disease,  and  so  to  strengthen 
our  body  that  it  may  endure  the  disease,  when  declared,  with  a  prospect  of 
success. 
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SCHIZOMYCETES 


I.  Scliizomycetes  or  Fission -Fungi 
A.  General  Morphology 

The  sehkomyeeteSf  fissum-fungi,  or  bacteria  in  the  broad  sense  of  the  word 
are  unicellular,  vegetable  organisms  of  the  lowest  stage  of  development,  which 
never  contain  chlorophyll.  Their  morphology  includes  a  fairly  extensive  series 
of  varieties  of  which  only  those  forms  which  are  of  pathological  importance 
can  be  considered  here.  For  the  non-pathological  forms,  the  works  of  Ferd. 
Cohn,  Niigeli,  de  Bary,  Zopf,  Fliigge,  and  others  must  be  referred  to. 

Among  the  pathogenic  schizomycetes  the  following  varieties  are  distin- 
giushed  : — 

1.  Micrococcus,  very  small,  spherical,  more  or  less  strongly  refractile 
bodies.  It  is  known  that,  according  to  the  views  held  at  present  in  theoretical 
optics,  the  capacity  of  our  eye  and  our  optical  instruments  is  limited  by  the  size 
of  the  light  waves.  Even  if  the  magnification  be  increased  at  will,  no  body 
or  stnicture  can  be  perceived,  with  central  illuminatiun  of  the  microscope, 
which  is  smaller  than  the  length  of  a  light-wave  (0'0004  to  O'OOD?  mm.), 
and  by  the  utmost  oblique  illumination  this  limit  is  only  extended  to  half  the 
length  of  a  light-wave  (0'0002  to  0*0003  mm.)  Since  the  micrococci  do  not, 
as  a  rule,  much  exceed  this  limit,  no  delinite  atrncture  can  be  demonstrated  in 
their  interior.  It  is  only  in  the  larger  schizomycetes  that  the  diftercntiation 
of  certain  component  structures,  to  be  afterwards  described,  can  be  made  out. 
The  micrococci  occur,  in  many  cases,  as  separated  scattered  formations ;  some- 
times they  are  collected  into  smaller  or  larger  groups.  The  following  terms 
are  used  to  describe  them  : — 

(a)  DipliKOccm,  individual  cocci  grouped  in  pairs. 

{1}  Streptococcui^^  the  separate  cocci  arranged  in  rows  or  chains. 

(c)  StaphylococctiSf  the  separate  cocci  arranged  in  grape -like  clusters  or 
groups, 

(c/)  Merismopo'dia,  every  four  individual  cocci  in  the  same  plane  are  arranged 
at  right  angles  to  each  other, 

(<()  Sarcimiy  every  eight  separate  cocci  correspond  to  the  eight  angles  of  a 
cube  and  together  fonn  a  packet 

(/)  AscococcuSf  groups  of  micrococci  enclosed  in  a  shining  homogeneous 
membrane. 

(g)  Zooglaa^  masses  of  micrococci  rolled  together  into  balls  or  collected  to 
form  a  pellicle.  The  zoogloia  may  be  formed  by  continuous  division  of  a 
single  schizomyceto,  or  by  the  combination  of  numerous  elements  of  varying 
origin.  In  both  cases  a  cement  substfl,ncc,  the  glia,  secreted  by  the  schizomy- 
cetes, serves  to  unite  them.  The  zoogkea  which  are  formed  by  the  continuous 
division  of  one  schizomycete,  are  distinguished  by  their  uniform  size  and  the 
mutual  equidistance  of  the  separate  schizomycetes.  These  peculiarities  are 
easily  explained,  if  it  is  demonstrated  by  continuous  observation  that  all  the 
individuals  are  of  the  same  generation. 

Associated  with  the  sjtberical  are  the  rod-shaped  schizomycetes,  of  which 
two  varieties  arc  usually  distinguished. 

2.  Bacterium,  straight,  thick,  rod-shaped  structures,  the  length  of  which  is 
twice  or  thrice  their  brejuith. 

3.  Bacillus,  straight,  slender  structures,  whose  length  is  more  than  three 
times  their  breadth. 
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WTien  spore  formation  is  going  on,  these  little  rods  frequently  b«come  spindle 
or  club  shaped,  and  the  spindle-shaped  schizomycetes  are  sometimes  called  clos- 
triditim.  By  the  combination  of  the  rod-bftcteria  to  form  groups,  some  furtlier 
varieties  are  formed,  which  may  bo  set  dowTi  as  sub-varieties : — 

(«)  Lcflothrh^  long  threads  formed  by  rods  arranged  in  chains. 

{h)  Cladoihfix^  long  threads  furnished  'w^th  pseudo-branches,  which  are  aJso 
made  up  of  single  rods.  The  branching  appearance  is  caused  by  a  single  member 
of  a  long  jointed  thread  bending  out  of  the  row,  and  thus  furnishing  the 
starting-point  of  a  new  thread,  which  remains  connected  with  the  first. 

(r)  Zmgimt^  clustered  grou]>s  or  pellicles  of  rotis  formed  of  bacteria  or 
bacilli.      Like  the  zoogluia  composed  of  cocci,  these  rod-zoogloea  are  formed 
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Fig.  i>. — a,  Ml«mjcoccf:  h,  diplococci ;  e,  streptococci;  rl,  sUphylococc! ;  e,  tnerluiopfledlA ;  /,  Rarcins-,  g, 
Mcococt'iM:  A,  zooglrna  of  eocci ;  i,  baeteHuia:  Jt,  bwiilloB;  I,  leptothrix ;  w,  oladothrix;  *,  leooglm  of 
tAClUi ;  o,  apirlUum ;  }i,  vibrio  ;  if,  iplrochete. 

either  by  repeated  division  of  a  single  schizoniycete,  or  by  the  grouping 
together  of  achizomycetes  from  various  sources.  The  secretion  of  a  glia  cover- 
ing uniting  the  separate  members  is  distinctive  here,  as  was  already  mentioned 
in  regard  to  the  cocci-zooglcea. 

4.  Spircv-iucterium,  rods  and  threads  which  are  spirally  curved.  There 
are  distinguished  : — - 

(a)  Spirillum^  spirals  of  comparatively  great  size  formed  of  relatively  thick 
threads  with  short  curves. 

(//)   Viltrio^  similar  to  the  previous  variety,  but  with  long  curves. 

(c)  Sjnroclurie,  spirals  formed  of  very  thin  threads,  with  numerous  short 
curves. 

The  separate  varieties  of  schizomycetes,  whose  developmental  history  can 
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be  followed  in  pure  cnltures,  very  often  appear  in  only  one  of  the  forms  jtist 
described.  Many  schizomycetes  are  known,  however,  which  pass  through  several 
of  the  above  forms  during  their  development.  If  the  separate  varieties  be 
examined  somewhat  more  closely,  a  difference  between  the  ceil-membrane  and 
the  cell-eontents  can  be  made  out,  in  the  larger  varieties  at  least 

The  cell-contents  of  the  schizomycetes  consist,  according  to  the  researches 
of  Nenski,  of  an  albuminoid  material,  mycojrroUin.  In  a  few  cases  bodies  have 
been  domonstrat-ed  in  the  cell-contents  which  become  blue  on  the  addition  of 
iodine,  even  when  the  ground  substance  seemed  to  bo  completely  free  from 
starch-like  substances.  Free  colouring  material  (bacteriopur|)urin)  is  also  occa- 
sionally found  in  the  cell-contents,  and  in  many  free-living  scbixomycetes  sul- 
phur granules  are  also  present.  In  the  absence  of  these  last  the  contents  of  the 
living  schizomycetes  appear  homogeneous  as  a  rule. 

By  means  of  suitiible  methods  of  staining,  Ernst  succeeded  in  demonstrating 
small  solid  structures  in  the  cell -contents  which,  according  to  him,  are  con- 
nected with  the  formation  of  spores,  and  represent,  in  some  measure,  a  pre- 
Hminary  stage  of  the  spores. 

NoU. — BiitsoUi,  in  a  very  iuterestiiig  8«ri<»  of  investigations,  has  tried  to  demonstrate  that 
the  bodies  of  bacteria  are  made  up  of  three  parts — a  homogeneous  membrane,  a  cortical  layer, 
and  a  oentrni  body  (see  Fig.  10).  The  cortical  layer  and  central  body  are  auppoaod  to  possess  a 
honeycomb  stnicttire,  and  consist  of  a  network  of  plasma,  which  surrounds  honDyconib-tike 
spaces  fillod  with  a  honiogeneoua  suliatance  (enchylema).  Tlie  cortical  layer  is  supposed  to  be 
soinetimtis  present  in  the  poles  only  of  the  rod-bacteria,  or  to  be  entirely  absent  It  corre- 
sponds to  the  protoplasm,  while  the  central  body  would  be  the  nucleus.  Ernst's  bodies  are  sap- 
posed  to  be  situated  in  the  plaama-stronia.  Tills  author  sought  to  support  hia  views  by  the 
demonstration  that  in  related  organisms,  and  even  in  the  vertebrata,  the  nucleus  baa  a  similar 
structure.  Enist's  bodies  are  sup])osed  to  represent  the  chromatin  gi-auules  of  the  animal 
cell  nacleus. 

In  many  schizomycetes  the  cell-membrane  also  consists  of  mycoprotein  (Nenski 
and  Schiiffer) ;  in  a  few  it  appears  to  yield  the  celluloso  reaction  (Niigeli,  Low, 
Bunge).  It  may  appear  tinted  by  the  presence  of  yellow,  red,  green,  or  blue 
pigment.  The  membrane  may  be  thickcncfJ,  and,  as  in  many  free -living 
schizomycetes,  may  form  a  kind  of  capsule.  It  is  a  fact  of  great  importance 
that  many  schizomycetes  secrete  a  peculiar  glia  substance,  which  was  looked 
upon  as  a  gelatinous  transformation  of  the  cell -membrane,  or  at  least  of  its 
external  layers.  It  is  this  gelatinous  substance  which  unites  the  individual 
schizomycett'S  into  a  colony.  It  can  also  be  shown  to  surround  certain 
diplococci  and  single  schizomycetes.  It  also  forms  the  substance  which  binds 
together  the  chains  and  rows  of  cocci  and  rods,  the  streptococci,  merismopoidife, 
and  sarcinie,  the  various  forms  of  leptothrix  and  cladothrix,  and  the  spiro-bacteria. 

Schizomycetes,  when  floating  free  in  a  fluid,  frequently  show  Brownian 
molecular  movements  like  those  which  may  be  seen  under  high  powers  of  the 
microscope  in  small  granules  of  pigment  floating  in  water.  Many  schizomycetes 
have  also  independent  movement.  They  move  rapidly  in  various  tlirections, 
usually  with  short  pauses.  The  distance  they  traverse  seems  very  small,  except 
under  a  high  power.  Bacilli  generally  shoot  forwards  in  peculiar  zigzag  fashion, 
while  the  spiro-bacteria  move  in  spirals.  It  has  been  possible  to  demonstrate 
special  motor  organs  in  many  schizomycetes,  jlaijella^  or  cilia ;  these  may  be 
single,  double,  or  triple  (see  Fig.  10). 

Mititipliaiiion  of  the  schizomycetes  takes  place  chiefly  by  fasion  or  diiision. 
Wheu  a  large  quantity  of  nutrient  material  is  available,  and  the  other  con- 
ditions which  promote  free  growth  are  present,  the  multiplication  by  division 
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is  Bpeciallj  likely  to  exceed  all  other  forms  of  reproduction.  S^ore  formntioti 
is  very  frequently  observed  when  the  nutritive  mediiim  is  being  gradually 
exhausted,  or  under  abnormal  degrees  of  temperature.  There  oiay  be  dis- 
tinguished : — 

1.  Endogenovs  Spore  roRMATiON. — In  the  interior  of  a  schizomycete  a 
small  shining  sphere  apjiears  which,  growing  gradually  larger,  may  exceed  the 
transverse  section  of  the  rod  in  diameter.  If  the  apore  is  situated  about  the 
middle  of  the  rod,  this  becomes  swelled  or  bulged  out  into  a  spindle  shape 
(Clostridium).  Spores  at  the  poles  of  the  rods  give  them  a  oail  or  dumb-bell 
shape  (see  Fig.  10), 

•2.  Arthrospores. — In  a  chain  of  bacilli  or  cocci  separate  joints  become 
transformed  into  shining  spheres  (B'ig.  10)  which  are  proved  to  be  jtcnnujimt 
spores  by  their  resistance  to  external  inHuences.  The  spores  appear  as  rounded, 
shining,  spherical  bodies.  They  are  very  often  distinguished  by  great  resistance 
to  external  influences,  Cohn  was  the  first  to  show,  in  regard  to  the  spores  of 
the  hay  bacillus  or  bacillus  snbtilis, 
that  they  survive  boiling  heat 
without  dying,  and  without  losing 
their  power  of  proliferation.  This 
has  since  been  demonstrated  in 
regard  to  the  spores  of  many  other 
schizomycetes.  Many  spores  are 
also  extremely  resistant  to  desicca- 
tion {Ltifi^jwai  or  air  aporcsj  Bill- 
roth), while  other  spores  can  only 
exist  in  moist  surroundings  (jrasaer- 
sporcn  or  miter  s/xwes,  Billroth). 

Under  favourable  circumstances 
a  new  generation  of  schizomycetes 
develops  from  the  spores.  The 
appearances  observed  during  this 
process  have  been  minutely  de- 
scribed by  Brefeld  and  Proz- 
mowski.  The  spore  first  swells  up, 
as  it  does  generally  in  vegetable 
organisms,   and  in  doing  so   loses 

its  very  refractile  appearance  ;  then  the  spore  membrane  bursts  and  the  young 
germ  pushes  out  through  the  opening.  It  aasomes,  as  a  rule,  the  shape  and 
size  of  the  schizomycete  which  produced  the  spore. 
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Fia.  10— tt.  Bacilli  with  cllin  ;  h,  bariUi  with  medUlly 
situated  «n«log«nouii  spores ;  c,  baciUi  with  tcnnin^ly 
situated  endogODOiui  ipores;  d,  fttraptooocoua  with 
arthrooporM ;  t^  stractnre  of  baclUu*  according  to 
Dtitschll. 


B.  General  Biology 

The  investigation  of  the  processes  of  fermentation  and  putrefaction  was 
the  starting-point  of  biological  research  as  rogai'ds  the  micro-oi'ganisms.  It 
was  soon  found,  however,  that  these  processes  were  of  a  very  complicated 
nature.  In  the  fermentation  of  grape-juice,  which,  in  the  first  stage>  contains 
all  sorts  of  germs,  the  yeast  fungus  or  blastomyc^s,  which  ti-ansforms  ike  ^rape- 
wjar  into  alcohol^  is  chiefly  developed.  Provided  that  a  sufficient  quantity  of 
ape-sugar  is  present,  this  process  comes  to  an  end  when  the  quantity  of 
alcohol  containt^d  in  the  fermenting  fluid  reaches  a  certain  limit,  which  is 
controlled  by  the  tempemture.  The  alcoholic  fermentation  then  ceases,  and 
the   yeast   and  fission- fungi   which   float  on   the  surface  and    form    the   so- 
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called  pellicle,  then  begin  to  change  the  alcohol  into  vinegar.  The  vinegar, 
in  turn,  may  be  further  decomposed  by  the  action  of  mould  and  fission-fangi. 
In  the  natural  fermentation  of  grape -juice  these  different  chemical  decom- 
positions go  pn  simultaneously,  hot  in  such  a  way  that  one  or  other  process 
predominat^js.  It  is  only  by  artificial  measures  that  the  different  stages  can 
be  clearly  separated,  and  the  imjiortant  fact  is  thus  proved  that  tlie  metaholic 
produds,  resulting  from  the  dcivlapmmt  of  the  /ission-fHngi  and  yeasty  maif  serve  cv 
mdrimeni  far  oifier  vamtks  of  micro- or ganismSf  but  act  as  poisons  Umurd  tliose 
organisms  which  produced  tium,  and  catuse  these  latter  either  to  die  cr  to  become  inert 

The  i>rocesses  of  putrefaction  in  the  animal  body  have  also  proved  to 
be  very  complicated.  Three  stages  may  be  distinguished — the  initial  product 
of  putrefaction,  the  intermediate  product,  and  the  final  product. 

Of  these  three  stages  the  first  or  inilhd  stage  is  of  special  importance. 
Recent  researclies  by  Fodor,  Nuttal,  Buchner,  Lubarsch,  Niseen,  and  Prudtlen 
have  shoTvn,  as  has  already  been  discussed  in  another  connection,  that  the 
»olid  and  fluid  constituents  of  the  human  and  animal  body  during  life  and 
immediately  after  death  by  no  means  fall  an  easy  prey  to  the  attiicks  of  the 
putrefactive  ferments,  but  are  capable  of  destroying  a  considerable  number 
of  micro-organisms.  If  recently  shed  blood,  transudations  free  from  germs 
freshly  shed  into  serous  cavities,  or  fresh  tissue  fluid,  be  mixed  with  schizo- 
mycetes,  a  great  many  of  the  latter  die  within  the  first  twelve  to  twenty-four 
hours,  and  only  a  few  survive.  The  achizomycetes  do  not  find  conditions 
favourable  to  their  development  until  certain  pmi-mmi€m  changes  in  the 
chemical  structure  of  the  human  and  animal  body  have  set  in.  The  jiod- 
nujrtt'm  changes  may  set  in  quite  aa  well  witliout  the  intermediation  of  living 
causes  of  putrefaction.  It  seems  that  they  are  due  to  the  action  of  the  unformed 
soluble  ferments,  the  enzymes,  which  are  present  in  all  living  tissues,  and  play 
an  irapoi-tant  part  in  the  metabolism  of  the  living  body.  Among  the  actions 
of  these  enzymes  the  conversion  of  albumen  into  peptone  and  hemi-albumen 
must  be  descrilked,  the  hemi-albumen  being  universally  regarded  as  an  albu- 
minoid combination,  which  has  most  of  the  reactions  of  albuminous  bodies, 
but  is  distinguished  by  a  few  reactions  from  the  albumen  from  which  it  is 
derived.  Nutrient  material,  which  has  been  kept  in  a  wttll-closed  vessel  after 
all  the  germs  have  been  destroyed  by  boiling  heat,  also  shows  certain  changes, 
although  it  may  for  years  undergo  no  putrefaction  and  remain  fit  for  use.  I 
do  not  know  whether  these  changes  have  l>een  chemically  investigated.  In 
any  case  they  are  not  very  striking,  but  may  be  easily  detected  by  the  sense 
of  taste. 

There  can  be  no  doubt  that  the  schizomycetes,  in  the  early  stages  of  their 
action,  cause  changes  in  the  albumen  similar  to  those  which  the  decompositions 
which  are  already  in  process,  arc  carrying  out.  We  are  therefore  justified  in 
asserting  that,  in  the  early  stage  of  putrefaction,  wo  have  to  do  with  the  forma- 
tion of  peptones  and  hemi-albnmens.  ^fany  of  the  albuminoid  bodies  produced, 
however,  are  known  to  he  very  active  jtoisons,  and  may  be  described  as  toxic 
enzijmes  and  iuxroMmmens^  according  as  they  possess  the  characters  of  unformed 
ferments  or  not 

In  the  case  of  the  pathogenic  schizomycetes  the  condition  of  affairs  is 
i^ifferent  in  this  respect,  that  tlioy  can  develop  in  th«  tissues  of  living  human 
beings  and  arn'mals  also,  an*l  produce  the  chemical  changes  just  mentioned. 
The  transition  is  only  a  gradual  one,  however.  Even  the  infective  agents  in 
anthrax,  the  bacilH  anthracis,  if  they  are  present  in  small  quantities,  are 
destroyed  by  the  tissue  juices  of  the  living  body  and  by  tissue  Huids  recently 
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withdrawn  from  the  body.  This  applies  to  the  pus-forming  schizomycetes  also, 
and  to  all  the  pathogenic  schizomycetps  which  have  as  yet  been  examined.  In 
order  that  these  may  develop  and  multiply  within  the  living  body  it  is  necessary 
that  there  be  either  a  local  diseased  focus,  or  one  within  the  area  of  which  the 
tissue  elements  have  undergone  chemical  change,  or  an  invasion  large  enough 
to  give  the  infective  agents  tht?  chaFice  of  producing  such  chemical  changes  in 
sufficient  amount  before  they  themselves  succumb. 

The  circiirastancea  just  mentioned  exrplain  why  every  infection  by  the 
poison  of  anthrax,  suppuration,  or  tj^hoid  may  not  entail  local  or  general  dis- 
ease. They  explain  why  every  anthrax  [justule,  which  at  first  appears  as  a  local 
lesion,  does  not  invariably  result  in  general  disease  and  death.  It  is  thus 
comprehensible,  also,  how  a  general  disease  may  terminate  in  recovery.  In 
spite  of  the  presence  of  the  infective  agents  recovery  does  occur,  because  the 
living  orgiinism  is  able  to  destroy  the  invadere.  We  are  far  from  possessing, 
however,  any  accurate  knowledge  of  the  determining  chemical  properties  which 
favour  or  impede  infection,  which  bring  about  or  prevent  recovery.  Investi- 
gation has  only  been  able  to  give  ua  a  few  data ;  and  much  still  remains 
which  must  even  now  be  included  in  the  somewhat  indefinite  term  predis- 
position. 

A  hard-and-fast  division  between  tlie  beginning,  the  middle,  antl  the  ter- 
minal stages  of  putrefaction  is  scarcely  possible.  After  description  of  the  early 
stage  of  putrefaction,  it  is  simplest  therefore  to  enumerate  next  the  most 
important  j^mil  frodwU  of  pnirefuriifnK  These  are  ; — carbonic  acid,  hydrogen, 
ammonisi,  sulphuretted  hydrogen,  water,  and  a  series  of  salts  of  the  alkalies  and 
earths. 

The  process  connecting  the  initiid  and  the  terminal  products  is  a  long 
one  and  by  no  means  the  same  in  all  cases.  External  conditions,  possibility 
of  the  access  of  oxygen,  moisture,  and  heat,  and  many  other  circumstjinces 
produce,  in  many  cases,  numerous  variations  in  the  processes  of  disinte^gration. 
Sl)eaking  generally,  however,  the  chemical  changes  which  occur  in  putrefac- 
tion are  divided  into  three  groups. 

1.  HydFwVTION,  indifterently  applied  to  those  disintegrating  processes  iti 
which  one  or  more  molecules  of  water  are  taken  up.  Thus,  in  the  so-called 
alkaline  fermentation  of  the  urine,  urea  is  converted  into  carbonate  of  amraonia 
by  taking  up  two  molecules  of  water,  and  in  lactic  acid  fermentation,  milk- 
sugar  becomes  lactic  acid  by  taking  up  water. 

2.  Reduction — breaking  up  and  decomposition  caused,  as  a  rule,  by 
nascent  hydrogen  (Hopi>e-Seyler),  through  which  the  oxygen  undergoes  relative 
or  absolute  diminution  (butyric  fermentation  of  sugar  of  milk,  alcoholic  fermenta- 
tion of  grape-sugar). 

3.  OxTDATiON,  seen  especially  in  the  formation  of  carbonic  acid,  nitric  acid, 
nitrous  acid,  sulphuric  acid,  and  phosphoric  acid.  The  oxygen  may,  in  these 
cases,  be  obtained  either  from  the  vicinity,  perhaps  from  the  atmosphere,  or  by 
decomposition  in  the  coiu-se  of  one  of  the  reduction  processes  just  mentioned 
(formation  of  carbonic  acid  in  alcoholic  fermentation  of  grape-sugar).  These 
various  and  much  intermingled  processes  of  decomposition  give  rise  to  a  number 
of  difl'ering  substances  in  the  putrefaction  of  animal  bodies,  among  which  the 
following  should  be  mentioned  as  the  most  important  belonging  to  the  middle 
stage  of  [mtrefaction. 

{a)  Peptone,  hemi-albumens,  globulins  (Hoppe-Seyler),  tox-alburaens,  and 
toxic  enzymes. 

(i)  Amido-acids  (nitrogenous),  such  as  leucin  and  tyrosin. 
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(c)  Amines  (nitrogenous),  methjUimin,  propylamin,  caprylamiu,  and  tmo 
alkaloids. 

((/)  Organic  acids,  fatty  acids  (formic  acid,  acetic  acid,  propriontc  acid,  butyric 
acid,  valerianic  acid,  palmitic  acid,  margaric  acid),  fiu'ther,  lactic  acid,  oxalic 
acid,  succinic  acid. 

All  tlieso  clianges  and  decompositions,  apart  from  the  very  early  changes,  are 
originated  by  the  presence  of  low  organisms,  and  especially  of  schizoniycetea.  It 
is  therefore  easily  understood  that  pathogenic  schizomycetes  should  produce 
many  similar  products  in  the  living  human  body,  and  that  these  bodies  should 
develop  more  or  less  markedly  poisonous  actions.  If,  however,  we  resolve 
these  extremely  complicated  processes  into  their  separate  elements,  we  arrive 
at  a  more  aixiirate  knowledge  of  the  conditions  which  permit  and  favour  the 
development  of  the  schizomycetes. 

In  the  first  place,  the  schizomycetes  require  certain  nutrient  material  for 
their  development. 

1.  Oxygen. — This  must  be  brought  in  a  free  form  to  many  schizo- 
mycetes, since  they  only  thrive  with  the  access  of  atmospheric  air  or  pure 
oxygen  {oblitfaUrty  c^johir  schizomycetes).  Other  schizomycetes  ouly  develop  when 
free  oxygen  is  completely  excluded  {ohligat&nj  anarobk  schizomycetes),  and  obtain 
the  necessary  oxygen  by  decomposing  the  cliemical  combinations  of  the  nutritive 
medium.  Besides  these  chief  typos^  there  are  facultalive  trrohk  and  facnltalive 
anoBTobic  schizomycetes  which  develop  more  or  less  actively  with  or  without 
access  of  free  oxygen.  Whatever  the  variety,  however,  oxygen  is  absolutely 
essential.  In  the  interior  of  the  human  body  ierobic  pathogenic  schizomycetes 
select  the  well-oxygenated  blood,  in  the  lungs,  and  other  similar  situations,  while 
the  anairobic  bacteria  live  in  the  parenchyma  of  the  tissues  where  there  is  little 
oxygen,  especially  in  the  liver  and  the  contents  of  the  intestine  in  which  there 
is  very  little  free  oxygen.  The  division  is  not  very  strict,  however,  because 
the  current  of  the  bloorl  and  the  tissue  fluids  often  carry  away  micro-organisms 
which  have  invaded  the  blood,  the  lymph,  and  tissue  spaces. 

*2.  Carbon,  NiTftouEN,  and  IIVDitooEN  are  also  to  l)e  classed  among  the 
absolutely  necessary  nutrient  substances.  As  a  rule,  they  are  provided  by  the 
colloid  constituents  of  the  tissues,  such  as  albumen,  peptones,  and  the  gelatine- 
yielding  substances.  Pasteur,  however,  was  the  first  to  prove  that  schizomy- 
cetes also  thrive  in  nutrient  media  which,  in  addition  to  water,  contain 
crystalline  bodies  only.  The  nitrogen,  in  these  cases,  may  be  8upj>lied  in  the 
form  of  acetate,  phosphate,  sulphate,  or  nitrate  of  ammonium,  or  as  asparagin. 

3-  MINERAL.S,  such  as  sulphur,  phosphorus,  potassium,  calcium.  Both  the 
last  may  bo  replaced  by  allied  elements. 

It  is  not  sufficient,  however,  that  these  nutrient  materials  should  be  present 
If  multiph'cation  of  existing  schizomycetes  is  to  take  place,  they  must  be 
supplied  in  a  suitable  form  and  under  favourable  physical  conditions.  In  this 
connection,  in  the  first  place,  a  certain  amount  of  tmter  in  tlie  nutrient  medium 
is  indisijeuaable,  since  the  removal  of  water  hinders  the  growth  of  low  organisms, 
as  is  observed  in  the  preservation  of  candierl  fruit.  Then  the  chemical  reaction 
of  the  nutrient  medium  is  of  importance.  Most  schizomycetes  thrive  best  in 
neutral  or  alkaline  media ;  others  prefer  acid  fluids,  as,  for  instance^  the  aarcinae 
of  the  urine,  as  was  demonstrated  by  Hartge  in  my  laboratory.  The  t-emperaiiire 
of  the  nutrient  medium  is  also  of  great  importance.  Pathogenic  schizomycetes 
grow  most  luxuriantly  at  body  temperature  (31°  C.) ;  putrefactive  organisms 
thrive  best,  as  a  rule,  between  20''  and  40°  C.  If  the  temperature  greatly 
exceeds  these  limits,  either  above  or  below,  there  is  no  further  multiplication  of 
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the  achizomycetes  (cold  stiffening,  heat  stiffening),  but  they  do  not  immediately 
die.  It  only  needs  the  return  of  a  suitable  temperature,  as  a  rule,  to  excite 
growth  and  multiplication  again.  It  has  also  been  observed  that  most  of  the 
pathogenic  schizomycetes  lose  some  of  their  toxic  power  (undergo  certain 
variations  therefore)  if  cultivated  at  slightly  lowered  or  heightened  temperatures. 
Pasteur  has  utilised  this  fact  in  the  preparation  of  inoculating  materials  which 
bestow  immunity  from  infective  poisons  of  full  strength. 

Actual  destruction  of  the  schizomycetes  and  their  spores,  which  are  often 
highly  resistant,  is  only  eflecfced,  as  a  rule,  by  a  temperature  of  68°  to  110"  C. 
This  fact  has  been  utilised  in  bacteriological  technique,  and  also  commercially,  in 
the  manufacture  of  nutrient  media.  It  is  sufficient  in  many  cases  to  heat  the 
germ-containing  substances  repeatedly  to  58"  C.  at  intervals  of  twenty-four  hours, 
in  order  to  destroy  all  the  germs.  Boiling  heat  is  quicker  and  more  certain, 
especially  in  the  form  of  a  current  of  steam,  or  heating  in  air  at  150'^  C.  If 
to  what  has  been  just  stated  we  add  the  fact,  wliich  had  already  been  proved, 
that,  speaking  generally,  the  schizomycetes  are  hampered  in  their  development 
by  the  nccumulafirm  of  their  otc^i  m^itibolic  prodmls,  the  most  important  condition* 
have  been  mentioned  which  are  necessary  for  the  artificial  cultivation  of  these 
organisms  and  which  determine  their  natural  development  and  multiplicatiorj. 
The  biological  con*Utions  given,  however,  allow  the  details  to  be  varied  in  a 
great  many  ways.  According  to  the  varying  chemical  composition  within 
the  limits  given,  the  proportion  ^f  water,  the  reaction,  and  the  tempera- 
ture of  the  nutrient  media,  now  one  and  now  another  of  the  schizomycetes 
finds  conditions  favourable  to  its  development  and  multiplication.  WHien 
sevonU  varieties  of  schizomycetes  are  present,  one  or  other  will  be  enabled  to 
crowd  out  or,  at  least,  to  exceed  the  others.  This  fact  must  always  be  borne 
in  mind  in  bacteriological  investigations,  because,  in  obtaining  the  material  for 
examination,  contamination  by  foreign  germs  cannot,  as  a  mle,  be  absolutely 
exclude<l.  Should  the  conditions  be  more  favourable  to  their  development 
than  to  that  of  the  organisms  originally  inoculated,  tliey  may  quite  well  be  able 
in  some  cases  to  cause  the  complete  disappearance  of  the  latter.  Such  accidents 
can  only  be  guarded  against  by  the  observation  of  all  the  necessary  precautions, 
by  a  frequent  repetition  of  the  several  experiments,  and  an  accurate  technical 
knowledge  of  the  subject,  founded  on  experience. 


G.  General  Method  for  the  Investigation  of  Pathogenic  Schizomycetes 

As  Koch  first  formulated,  and  as  was  in  genend  practical  use  even  before  his 
time,  the  investigation  of  the  pathogenic  schizomycetes  is  divided  into  three 
stages — tlie  hisiolw/kni  dejwmfttraii'm  of  the  schizomycetes  in  the  diseased 
organs,  the  pure  cuiiure  in  artificial  nutrient  media  of  the  micro-organisms  dis- 
covered, and  tJie  production  of  the  disease  htf  exiterimenial  inwulatkm  of  healthy 
animals,  and,  as  far  as  is  permissible,  of  healthy  human  bfiings,  with  piire  culture;*. 

It  is  very  difficult  to  carry  this  out  in  all  its  details,  ami,  as  a  matter  of 
fact,  it  has  only  l)een  possible  in  a  few  diseases.  Although  the  histological 
demonstration  and  pure  culture  of  the  pathogenic  schizomycetes  oflcr  difficulties, 
still  these  are  not,  as  a  rule,  quite  insurmountable;  although  it  cannot  by  any 
means  be  said  to  be  decided  whether  many  of  the  exciting  causes  of  disease 
are  not  too  small  to  be  visible,  as  a  rule,  to  our  optical  instruments  and  organs 
of  vision.  The  greatest  difficulty  is  found  usually  in  the  attempt  to  inoculate 
animals  with  organisms  which  cause  infective  diseases  in  man,  partly  because 
animals  are  generally  immune  towards  many  human  diseases,  and  partly  because 
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the  disease  produced  in  the  animal  differs  considerably  from  the  analogous 
tlisease  in  man  in  its  course,  ita  manifestations,  and  in  the  histological  changes 
to  which  it  givea  rise.  Nevertheless,  the  well -authenticated  results  which 
have  already  Ijeen  obtained,  are  so  numerous  and  significant  that  they  may 
be  counted  among  the  most  valuable  achievements  of  the  human  intellect. 

The  Imldotjiml  (kmonsfrtiiiofi  of  imthogenic  siihizomycetes  was  first  success- 
fully made  in  the  blood  and  with  the  sim|flest  technical  aids  when  the  bacillus 
anthracis  was  discovered  in  newly-drawn  lilood  by  Urauell  and  PoUender. 
As  a  nile^  it  is  sufficient  to  spread  out  a  drop  of  blood  between  the  cover- 
glass  and  slide  in  order  to  see  these  comparatively  large  rod -shaped  bodies. 
In  the  case  of  other  scliizorayct'tes  which  are  leas  numerous  in  the  blood,  it  is 
sometimes  better  first  to  dissolve  the  red  corpuscles  by  mixing  one  volume  of 
blood  with  about  ten  volumes  of  ^  per  cent  aqueous  solution  of  glacial  acetic 
acid,  as  I  have  described.  The  fluid  thus  obtained  is  examined  in  a  compara- 
tively thick  layer  in  my  modification  of  the  hieraocytoraeter,  as  made  by 
Zeiss. 

Soon  after  the  discovery  of  the  bacillus  anthracis,  there  canif:'  the  demon- 
stration of  schizomycetes  in  the  tissues  of  the  human  body  by  Klebs  and  v. 
Recklinghausen.  If  comparatively  thick  sections  of  tissue  be  cleared  up  by  5 
per  cent  liquor  potassje  or  by  a  mixtnre  of  equal  parts  of  water,  glycerine 
and  glacial  acetic  acid,  the  larger  groups  especially,  of  the  schizomycetes 
become  apparent,  since  they  are  acted  on  only  slightly,  if  at  all^  by  strong 
acids  or  alkalies.  Tliey  appear  as  highly  refractile,  finely  granular  masses 
in  the  swollen,  hyaline,  tmnsparent  tissues.  The  auth«)rs  mentioned  were 
specially  successful  in  thus  demonstrating  the  pus-forming  schizomycetes  of 
pyiemia,  in  the  form  of  zoogla?ie  throughout  most  of  the  organs.  These  are 
distinguished,  in  such  cases,  from  clusters  of  other  granules,  especially  from 
finely  moleculsu"  clusters  of  albuminous  and  fatty  granules,  by  their  very 
equally  and  finely  granidar  appearance.  The  zoogloeae  in  question  consist  of 
micrococci  which  are  all  equal  in  size  and  distance  from  each  other.  If  they 
are  examined  with  a  microscopic  objective  having  a  large  angle  of  aperture,  the 
fine  uniformly  granular  masses  appear  distinctly.  It  is  an  equally  imi>ortant 
fact  that  these  zooglceae,  when  examined  by  microscopic  filijoctives  ^^*ith  small 
angles  of  upertui'e,  appear  of  a  uniform  brown  colour,  although  they  themselves 
are  really  colourless.  The  equality  in  this  brown  colour  proves  the  uniform 
size  and  distance  from  each  other  of  the  separate  granules  of  which  the  zooglceui 
are  made  up.  The  same  optical  phenomena  may  be  studied  in  a  recognised 
microscopical  test  object,  such  as  the  pletirosigma  angulatiim,  whose  fine 
hexxLgonal  appearance  in  th«  field  supplies  the  place  of  the  fine  grauyles  of 
the  zooglfjeie. 

As  may  be  observed,  these  old  mcthotls  laboured  under  the  *lisadvantage  that 
the  results  obtained  were  only  perfectly  reliable  in  certain  cases,  R.  Koch  may 
therefore  claim  to  have  done  valuable  service  in  giving  us  utnversally  applicable 
methods  of  demonstrating  the  schizomycetes  histologically,  by  the  introduction 
of  the  (iniline  sfimns  which  were  just  then  coming  into  use  in  histology.  More 
recently,  Ehrlich  especially  has  distinguished  himself  by  further  improving  the 
bacteriological  methods  of  staining. 

In  order  to  make  an  examination  of  fluids  containing  schizomycetes,  the 
first  proceeding  is  to  make  a  dried  covn'-ghu'is  prc/mratmL  A  thin  film  of  the 
fluid  to  be  examined  is  spread  out  on  the  surface  of  a  thin  cover-glass.  After 
this  has  been  dried  by  the  air,  the  cover-glass  is  passed  quickly  through  tlie 
flame  of  a  spirit-lamp  or  Bunsen  burner,  three  times  usually,  to  ensure  firmer 
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drying  and  coagulation  of  tlie  albumen  present.  Dy  this  means  firm  adhesion 
of  the  dried  film  to  the  cover-glass  is  obtained.  The  scliizomycetes  adhering  to 
the  latter  may  then  he  stained  by  different  methods.  Staining  i\nth  a  strong 
watery  solution  of  imthylene  Mm  is  very  easy.  After  this  fluid  hiis  been  applied 
for  a  few  minutes,  it  is  washed  off  with  distilled  water  ant!  the  achizomycetea 
retain  the  colour.  The  free  surface  of  the  cover-glass  may  be  allowed  to  dry, 
and  is  then,  with  the  film  containing  schizomycetes  downwards,  laid  on  a  drop 
of  water  which  has  previously  been  placed  on  a  slide.  The  preparation  is 
then  ready  for  microscopic  examination.  The  method  of  staining  is  oft«n 
varied  After  staining  and  washing  the  cover-glass  is  again  dried  and  laid 
do\m  on  a  drop  of  Canada  balsam  dissolved  in  xyloh 

In  the  course  of  time  a  great  many  new  methods  of  staining  have  been 
discovered  which  are  vahiable,  and,  in  many  cases,  Indispensable.  A  full 
account  of  these  will  be  found  in  most  of  the  text-books  on  microscopical 
technique.  For  instance,  in  many  cases  the  methylene  blue  stain  will  act 
much  better  if  a  trace  of  liquor  potassai  be  aiided  to  the  staining  fluid  (Lofller). 
In  other  cases  it  is  bett^jr  to  use  other  stains^  gentian  violet,  methyl-violet, 
fuchsin,  etc.,  in  aqueous  solution,  and  to  wash  otf  with  water  or  dilute  acids. 
Or  the  colouring  solution  may  be  added  to  water  with  which  aniline  oil  or 
carbolic  acid  has  previously  been  mixed,  and  the  stained  preparation  washed 
with  dilute  nitric  or  sulphuric  acid,  or  an  atpieous  solution  of  iodine  and  alcohol 
(Ehrlich,  Ziehl,  Gram).  By  the  use  of  these  methods  the  stain  is,  as  a  nile, 
removed  from  all  partis  of  the  jireparation  except  the  schizomycetes,  which 
are  the  only  structures  which  retain  the  stain  deeply.  It  is  often  desirable  to 
counter-stain  the  tissue  elements  afterwards  ^vith  another  stain^  so  that  sharp 
contrasts  in  coloiu'  are  obtained. 

The  method  of  demonstrating  schizomycetes  in  the  tissues  is  similar.  The 
tissues  are  cut  in  thin  sections,  after  hardening  in  alcohol  and  other  fluids,  and 
when  necessai*y,  after  previous  embedding  in  celloidin  or  jiaraffin.  For  this 
purpose  a  good  microtome  is  employed.  The  microtome  invented  by  myself 
and  manufactured  by  K.  Jung  in  Heidelberg  has  served  as  pattern  for  all  the 
instruments  of  this  kind  now  in  use,  and  may  even  be  regarded  at  present,  also, 
as  the  most  perfect  and  permanent.  In  other  cases,  it  is  advisable  to  cut  the 
organ  to  be  examined  in  a  frozen  state,  after  previous  hardening.  Almost  all 
microtomes  have  the  necessary  apparatus  for  this,  or  it  may  be  added  without 
difficulty. 

The  sections  obtained  are  then  stained  by  any  one  of  the  methods  just 
discussed,  necessarily  after  the  celloidin  or  piiraffin  has  been  dissolved  and 
removed.  The  rule  hero,  speaking  generally,  is  that  the  stain  must  be  given 
a  longer  time  to  act  when  sections  of  tissue  are  to  be  stained  than  in  stfiining 
cover-glass  preparations.  The  time  required  for  staining  may,  however,  be 
shortened  if  the  staining  solution  be  slightly  warmed.  Many  methods  of 
staining,  especially  those  in  which  aniline  oil  or  iodine  solution  is  used,  are 
not  compatible  with  embedding  in  celloidin.  The  great  advantages  of  the  latter 
process  may  be  still  obtained,  however,,  if  another  derivative  of  gun-cotton, 
photoxylin,  be  used  instead  of  celloidin.  Photoxylin  is  treated  like  celloidin,  but 
is  distinguished  by  its  greater  solubihty  in  absolute  alcohol.  This  property 
may  therefore  be  utilised  to  free,  in  a  careful  fa.shion,  the  cut  sections  from 
the  embedding  material,  and  thus  to  allow  thera  to  be  stained  by  every  method. 

For  microacoijic  examination  of  the  cover-glass  preparation  or  sections  the 
use  of  Abb<L'*8  illuminating  apparatus  with  an  iris  diaphragm  is  to  be  recom- 
mended, or  what  amounts  to  the  same  thing,  the  little  illuminating  apparatus 
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which  Zeiss  has  constructed  at  my  suggestion  for  the  more  simple  microscopes. 
\\'ith  the  aid  of  this  apparatus  the  angle  of  the  aperture  for  the  light  directed 
to  the  specimen  may  be  varied  within  wide  limits,  or,  in  other  words,  the 
incident  cone  of  rays  may  be  increased  or  lessened-  Some  iraportiiut  optical 
effects  are  thus  obtained.  The  structui'e  of  the  tissues,  their  nuclei,  fibrillation, 
and  striation  can  only  be  perceived  with  a  certain  limilation  of  the  breadth  of 
the  incident  cone  of  rays,  therefore  with  a  small  iris  diaphragm  or  with  the 
condeDser  at  some  distance  below  the  stage.  With  a  larger  iris  diaphragm  and 
the  condensing  lens  near  to  the  ol>ject,  the  structures,  according  to  Abbe,  all 
disappear  and  otdy  the  contrast  of  colour  is  left.  This  form  of  illumination 
shows  the  deeply  stained  schizomycetes  most  distinctly,  as  a  rule,  and  is  there- 
fore greatly  used  for  this  purpose,  as  was  recommended  by  K.  Koch. 

I  have,  nevertheless,  had  many  opportunities  of  observing  that  the  cone  of 
entering  light  may  be  unnecessarily  wide.  This  mistake  has,  as  a  rule,  the 
effect  of  causing  the  microscopic  imago  of  the  object  to  seem  less  distinct. 
The  reasons  for  this  fact  will  not  be  entered  upon  here.  This  valuable 
apparatus  should  be  used  with  some  care,  and  it  is  recommended  that,  during 
observation,  tlie  etlect  of  the  various  methodic  of  illumiuating  the  object  should 
be  slowly  and  thoroughly  studied. 

With  the  aiil  of  the  methods  just  described,  the  invariable  presence  of  a 
certain  scliizomycete  in  the  tissues  or  in  the  circulating  Huids  of  the  human 
or  animal  l»ody  has  been  demonstrated  in  a  large  series  of  separate  cases  of 
a  specified  disease,  so  that,  speaking  generally,  it  is  clearly  shown  that  thi$ 
scliiz^mii/cctc  bears  a  definite  relation  to  the  disease.  It  must,  of  course,  be 
remembered  in  this  connection  that,  throughout  the  whole  length  of  the 
alimentary  caual  and  on  many  other  mucous  membranes,  schizomycetes  are 
present.  In  the  contents  of  the  intestine  they  may  be  present  in  vast  numbers. 
It  is  ouly  the  blood,  lymph,  and  tissues  in  man  and  the  higher  animals  that 
are,  as  a  rule,  free  from  germs.  Healthy,  newly -drawn  blood,  received  directly 
from  a  vein  into  a  glass  tmW  which  has  been  sterilised  immediately  before  and 
is  then  fused  at  the  end,  changes  in  a  slight  degree  perhaps,  but  remains  per- 
manently free  from  germs.  In  the  same  way  all  fresh  healthy  tissues  may,  by 
the  observation  of  suitable  precautions,  be  kept  permanently  in  an  atmosphere 
quite  free  from  germs,  without  the  development  of  schizomycetes  taking  place. 
If  this  is  not  always  successful,  it  is,  as  a  rule,  because  of  some  error  in  the 
conduction  of  the  above  experiment.  It  certiiinly  would  appear,  nevertheless, 
that,  in  some  exceptional  cases,  it  docs  happen  that  living  schizomycetes  invade 
the  healthy  body  and  may  continue  there  for  some  time  without  giving  rise 
to  symptoms  of  disease.  The  results  already  discussed  seem  to  justify  the 
assumption  that  tho  iuvadiug  organisms  in  such  cases  perish  in  the  bodies  of 
man  and  animals,  because  the  chemical  composition  of  the  living  tiB,sues  arrests 
their  furthwr  development.  The  possibility  of  such  occurrences  demands,  as 
has  already  been  considered,  frequent  repetition  of  the  bacteriological  in- 
vestigation. 

Even  in  healthy  animals  it  is  by  no  means  always  certain  that  the  tissues 
are  entirely  free  from  schizomycetes.  As  regards  the  histological  demonstration 
of  pathogenic  schizomycetes,  it  must  further  be  remembered  that,  after  death, 
schizomycetes  appear  sooner  or  later  in  most  of  the  organs.  Tho  innumer- 
able schizomycetes  of  the  intestinal  contents,  especially,  tend  to  spread  through 
the  body  after  death,  and  with  these  others  which  penetrate  from  without  are 
soon  associated.  Fortunately,  these  sources  of  error  may  also  ha  avoided,  since, 
for  a  short  time  after  death,  the  pathogenic  schizomycetes  maintain  such  a 
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characteristic  arrangement  in  relation  to  the  lesions  thej^  produce,  that  this 
arrangement  in  itself  is  sufficient  to  allow  a  definite  decision  to  be  made. 
These  local  accumulations  of  the  schizomycetes  in  the  diseased  organ  are,  as  a 
rule,  the  most  conclusive  proofs  that  histological  investigation  can  bring 
fon^'ard,  and  they  are  of  the  greatest  importance  in  tracing  the  schizomycetes 
in  the  living  body  also.  The  results  obtained  by  histological  investigation, 
therefore,  constitute  the  foundation  and  starting-point  of  experimental  methods. 

The  first  object  of  the  latter  is  to  obtain  pure  cultures  from  micro- 
organisms which  have  been  histologically  discovered  and  which  are  regjiided 
as  pathogenic.  Those  pure  cultures  show,  in  the  first  i>lace,  rods  and  granules 
characterised  by  their  resistance  to  acids  and  alkalies,  as  well  as  by  their  reaction 
to  stains.  They  are,  indeed,  independent  little  organisms  endowed  with  a  special 
metabolism.  In  the  second  place,  however,  pure  cultivation  aims  especially  at 
a  more  accurate  knowledge  of  the  exciting  cause  of  the  disease  and  its  properties, 
in  order  finally  to  bring  the  chemistry  of  its  metabolism  under  examination 
also.  By  these  means  it  is  to  be  hoped  that  we  shall  not  only  acquire  a 
thorough  comprehension  of  the  infectious  diseases,  but  that  prophylaxis  and 
therapeutics  will  also  be  advanced. 

For  pure  cultivations  of  pathogenic  schizomycetes  artificial  nutrient  media 
are  generally  used  (sterilised  decoctions  of  finely  divided  beef),  to  which  small 
quantities  of  peptone  and  salts  are  added.  It  is  advisable,  as  a  rule,  to  render 
the  reaction  alkaline  by  adding  carbonate  of  soda.  In  a  few  cases  the 
addition  of  grape-sugar,  glycerine,  etc.,  is  employed.  Brefeld  and  Koch  made  an 
important  step  in  advance  by  giving  a  gelatinous  consistence  to  those  nutrient 
media  by  means  of  gelatine  or  agar-agar.  In  other  cases,  slices  of  potato, 
sterilised  by  boiling  heat,  or  blood-serum  coagulated  to  a  jelly  may  be  used. 
Bacteriological  technique  has  already  produced  such  a  great  number  of 
methods  that,  for  particulars,  it  is  necessary  to  refer  to  the  text-books  of 
bacteriological  technique  by  Fliigge,  Hueppe,  Friinkel,  and  others.  In  patho- 
logical investigation,  however,  the  gelatinous  nutrient  media  of  Koch  are 
specially  adapted  for  the  production  of  pure  cultures. 

The  methods  previously  made  use  of  for  this  purpose,  the  fradionul 
culture  method  of  Klebs,  and  the  atfrnu<itw}i  method  of  Niigeli,  are  somewhat 
troublesome,  and  arc  only  suitable  in  cases  where  the  schiznmyceto  which  is  to  be 
cultivated  pure,  is  numerically  in  excess  in  the  material  to  be  examined, 
and  where  it  can  develop  luxuriantly  in  the  artificial  nutrient  medium,  Klebs 
placed  a  small  portion  of  the  substance  containing  the  schizomycetes  in  a  sterilised 
nutrient  solution.  After  the  micro-organism  had  multiplied,  a  small  portion  of  it 
was  again  placed  in  fresh  nutrient  solution,  and  this  process  was  repeated  until 
a  pure  culture  was  arrived  at.  Nagoli  attenuated  or  triturated  the  subst^mce  to 
be  examined  for  schizomycetes  with  a  larger  quantity  of  sterilised  nutrient 
solution,  80  that  it  might  finally  be  supposed  that,  in  each  drop  of  the 
mixture,  one  schizoraycete  at  most  would  be  present.  By  then  inoculating 
sevei'al  flasks  of  fresh  sterilised  nutrient  solution  with  a  drop  each  of  the 
mixture,  a  more  or  less  perfectly  pure  cultivation  was  obtained. 

These  methods,  in  a  suitable  form,  may  be  of  some  use  even  at  present. 
Koch's  prtjcess  is,  however,  much  more  simple  and  reliable,  and  must  therefore  be 
considered  first. 

After  a!I  the  instruments,  apparatus,  and  nutrient  media  to  bo  used  have, 
of  course,  been  most  carefully  sterilised  by  dry  air  at  I.^O'  C,  or  by  a  current 
of  steam,  small  quantities  of  the  fluid  to  be  examined  are  withdrawn  and  placed 
in  the  nutrient  gelatine  or  agar-agar  which  has  just  been  melted  by  gentle 
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lieat.  If  it  is  necessary  to  examino  solid  portions  of  organs,  they  are 
triturated  and  so  brought  into  a  state  of  fine  division.  The  inoculated 
gelatine  or  agar-agar  is  then  poured  on  a  glass  plate,  carefully  kept  horizontal, 
or  into  a  flat  watch-glass  (Petri),  where  it  is  allowed  to  stiH'en  after  being 
properly  covered.  If  the  inoculating  material  lias  been  sufficiently  diluted,  or 
if,  for  the  sake  of  certainty,  a  plate  has  been  covered  \v\t\k  a  second  dilution, 
separated  isolated  colonies  of  schizomycetes  will  develop  in  a  few  days  on  the 
plate  or  in  the  wateh-glass  (Fig.  11). 

These  separate  colonies  are,  as  a  rule,  already  pure  cultures,  but  it  fre- 
quently happens  that  the  diflerent  colonies  have  a  different  appearance,  and  ac- 
cordingly coiT<?spond  to  diiVfreut  schizomycetes.  The  great  advantage  of  this 
jtlale  methwl  is  that  the  various  germs  and  micro-organisms  contained  in  the 
substance  to  be  examined  are  further  separated  from  each  other  by  increase 
of  the  fluid  surrounding  them.  They  thus  germinate  and  multiply  separately 
on  a  nutrient  medium,  gradually  stiffened  by  cooling,  on  which  they  form 
colonies  sharply  divided  from  each  other.  Among  them  are  found  not  only 
the  schizomycetes  which  were  most  numerous  in  the  inoculated  material,  or 


Fir..  11,— GlaHH  jjlnU'  wUli  the  covering  f.»i  ii>i«r-ag.ur  and  nx  cotonles  at  *chLzotiiyccU'&. 

tliobu  which  are  favoured  in  their  growth  by  the  nutrient  medium  selected,  but 
also  all  the  different  germs  which  were  contained  in  the  inocidated  material. 
They  make  their  appearance  in  separate  colonies  as  far  ai>  it  k  jjosdbU-  foi' 
thrjiL  f<>  dcrehp  midcv  the  givtri.  co7i<Iiliims,  These  ai'e  principally  obligatory 
and  facultativL'.  aerobic  varieties.  If  it  is  the  anterobic  schizomycetes  which  are 
to  bo  obs^erved,  the  plates  must  be  kept  in  an  atmosphere  free  from  oxygen,  in 
hydrogen  for  instance,  or  in  other  reagents  made  use  of  to  remove  the  oxygen 
from  the  air. 

The  purity  of  the  culture  of  the  various  colonies  developed  on  the  plate  can 
be  tested  by  subjecting  the  separate  colonies  to  the  same  methods  of  inves- 
tigation in  their  turn.  The  pure  culture  of  schizomycetes  may  then  be  trans- 
ferred by  inoculation  to  sterilised  test-tubes  which  have  been  previously 
prepared  with  sterilised  nutrient  media  of  various  kinds  and  closed  with  a  plug 
of  wadding  (Fig.  12).  It  is  seen  in  this  process  that  the  pure  cultures  of  the 
different  schizomycetes  vary  in  a  characteristic  fashion  according  to  the  form 
of  nutrient  medium  employed  and  the  temperature  at  which  they  ore  kei>t. 
The  shape  and  colour  of  the  colonies,  the  presence  or  absence  of  liquefaction 
of  the  nutrient  medium,  the  growth,  on  the  surface  or  deeply  within  the 
nutrient  medium,  the  development  of  bubbles  of  gas,  the  microscopic  appearance 
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of  the  separate  schizoraycetes,  and  their  sixire  formation,  thus  give  a  long 
series  of  distingtushiug  paints  for  accurate  and  reliable  differentiation.  To 
these  it  may  be  atlded  that  it  is  possible  to  examine  the  structure  of  the 
colonies  under  the  microscope  and  even  to  follow  out  the  vital  phenomena  of 
the  micro-organisms,  their  movements^  spore  formation,  etc. 

Finally,  the  investigation  of  tlie  chemical  changes  produced  by  the  pure 
cultures  in  the  nutrient  media  is  of  great  interest.  The  works  of  Nenski, 
Brieger,  and  others  have  yielded  many  imjiortant  results 
in  this  subject,  and  have  led  to  the  discovery  of  a  series 
of  poisonous  substances  among  the  metabolic  products. 
The  re-iults  referred  to  wall  be  briefly  discussed  after- 
wards in  detail,  since  a  general  account  would  lead  us 
loo  deeply  into  the  subject  of  the  chemistry  of  ferment- 
ation anil  putrefaction.  The  more  simple  reagents 
which  have  been  employed  in  the  pure  cultivation  of 
ftn«erobic  pathogenic  schizomycetes  can  also  be  better 
de8cri>»ed  separately.  A  short  time  must  be  spent, 
however,  over  the  cxjitrlmtidnl  pr(Mlurtion  of  infccikms 
diseates  htj  itwculaiwn  of  pure  cuHnrc^  of  pathogenic  itchizo- 
mycftes.  This  is  most  simply  done  by  inserting  a  small 
quantity  of  the  pure  cultmx'S  beneath  the  skin  of  the 
animal  to  be  experimented  on  (rabbits,  dogs,  rats,  mice, 
birds,  etc.)  by  means  of  an  incision,  and  subsequently 
closing  the  wound  carefully  and  aseptically.  More 
frequently  a  sterilised  Pravaz's  syringe  is  used  for  this 
purpo.se,  by  means  of  which  the  infective  material  is 
introduced  below  the  skin  into  the  internal  organs  or 
directly  into  the  blood.  The  injection  of  too  large  a 
number  of  schizomycetes  must,  uf  cour.se,  be  avoided, 
since,  as  a  general  rnle,  poisonous  mt^tabolic  products 
adhere  to  them  which  may  cause  disease  and  death,  even 
when  the  schizomycete  does  not  find  the  conditions 
necessary  for  its  further  development.  If,  however,  the 
schizomycete  multiplies  in  the  animal  and  causes  patho- 
logical changes  which  agree  with  those  obsened  in  man, 
the  chain  of  evidence  is  complete.  The  schizomycete 
which  has  been  found  and  cultivated  pure  may  then  be 
justifiably  regarded  a«  the  cause  of  the  disease  in  the 
human  Ijeing  from  whom  the  inoculating  material  was 
originally  obtained. 

The  proof  of  a  number  of  infectious  has  been 
obtained  in  this  way.  The  diseases  occurring  spon- 
taneou.sly  in  both  man  and  animals,  such  as  anthrax, 
pyaemia,  tuberculosis,  "gas  gangrene,"  contain  ail  the 
conditions  necessary  for  such  a  jiroof  When,  however,  the  disease  which 
appears  in  the  animal  after  inoculation,  manifestly  differs  from  the  corresponding 
disease  in  man,  or  when  animals,  generally,  are  not  susceptible  to  infection  by  the 
pure  cultivated  material,  the  question  is  more  difficult,  for  it  is  only  under  quite 
exceptional  conditions  that  there  has  been  any  opportunity  to  try  inoculation 
on  man.  In  most  of  these  cases,  therefore,  histological  investigation  must  be 
called  upon  to  complete  tht?  proof  If  sufficient  care  be  taken,  this  certainly 
gives  thoroughly  reliable,  although  not  perfectively  conclusive  reaulta. 


Flo.  la.— Testtubu  with  ftgur 
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tUng. 
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D.  Specific  Nature  and  Constancy  of  Species  of  the 
Pathogenic  Schizomycetes 

When  it  was  recognised  that  a  number  of  pathogenic  micro-organisms 
existed  free  in  the  neighbourhood  of  man,  and  especially  in  places  where  non- 
pathogenic  putrefactive  microbes  were  also  found,  the  question  arose  M'hether 
it  was  possible  that  these  putrefactive  microbes  or  saprophytes  could  become 
transformed  into  pathogenic  schizomycetes.  The  results  obtained  in  other 
connections  regarding  adaptation  and  selection  made  such  a  transformation 
appear  perfectly  conceivable,  and  the  fact  that  scrupulous  cleanliness  greatly 
diminished  the  occurrence  of  infection  pointed  in  the  same  direction. 

The  earliest  bacteriological  investigations,  however,  showed  that  there  was 
great  constancy  in  the  external  appearance  as  well  as  in  the  biological 
characters  of  the  schizomycetes  present  in  each  individual  infective  disease, 
while  the  organisms  of  diiferent  infective  diseases  manifested  just  as  regular  a 
difference.  These  facts  led  to  the  assumption  of  sharply  divided  species  of 
pathogenic  schizomycetes,  and  it  cannot  be  overlooked  that  this  assumption  was 
decidedly  usefiil,  since  it  vn,s  the  starting-point  of  the  present  development  of 
bacteriolog3% 

It  was  soon  discovered,  Iiowever,  that  the  poisonous  properties,  a  very 
important  biological  characteristic  of  the  schizomycetes,  were  by  no  means 
always  uniform.  Most  of  the  pathogenic  schizomycetes  diminish  in  vinilence 
if  they  are  repeatedly  cultivated  pure  on  artificial  media.  The  diminution 
of  \inilence  may  even  be  very  rapid  if  the  colonies  are  allowed  to  develop  at 
unusuiU  temperatures,  too  high  or  too  low,  or  if  chemical  bodies  which  retard 
development  are  mi.xed  with  the  nutrient  media.  Corrosive  sublimate,  nitrate 
of  silver,  and  thymol  in  very  weak  solution  have  been  used  for  this  purpose. 
As  has  already  been  mentioned,  Pasteur's  method  of  producing  material  for 
protective  inoculation  is  founded  on  those  facts,  Pasteur,  Koch,  Chauveau, 
Arloing,  Thomas,  Cornevin,  Hess,  and  Kitt  have  in  this  way  produced  weak 
infective  virus  which  tend  to  cause  mild  forms  of  anthrax,  fowl-cholera,  sj-mpto- 
matic  anthrax,  rabies,  and  swine-orysipelas,  so  that  survival  from  the  mild 
attack  gives  protection,  as  a  rule,  against  infection  with  the  very  virulent 
material. 

Niigeli  and  Buchner  have  further  extended  these  experiments,  which 
decidedly  supported  a  certain  variability  of  the  pathogenic  schizomycetes. 
Nageli  attempted  to  cultivate  on  meat  extract  the  schizomycete  which  produces 
lactic  acid  fermentation  in  milk,  and  by  this  means  altered  its  properties  to 
such  a  degree  that  when  the  schizomycete  was  again  placed  in  milk  it  caused 
ammoniacal  fermeniation,  Buchner  informs  us  that  be  succeeded  similarly  in 
transforming  the  innocuous  hay  bacillus  {bacilhis  mhfili<i)  into  the  eminently 
pathogenic  anthrax  bacillus  by  cultivating  it  in  various  ways.  Other  state- 
ments have  also  been  made  to  the  eiTect  that  the  form  and  size  of  bacilli  alter 
under  the  inHuence  of  artificial  cultivation,  or  that  their  capacity  for  spore 
formation  is  finally  lost. 

We  are  hardly  in  a  position  at  present  to  give  a  final  decision  as  to  the 
meaning  of  these  variations,  which  undoubtedly  occur,  especially  as  the 
interesting  exi)crimenfc8  of  Buchner  still  await  confiraiation.  It  is  clear, 
however,  that  the  question  of  the  variability  and  the  constancy  of  species  of 
the  schizomycetes  is  highly  important,  since  it  contains  the  solution,  perhaps, 
of  a  wider  problem.     We  know  that  many  infectious  diseases  arise  from  the 
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entrance  of  patbogenic  achizomycetcs  into  the  human  and  animal  body.  The 
new  question,  however,  arises,  How  do  ths  schizawycdc^s  orhjinat€j  Can  they 
develop  from  sapmpJiytes,  and  if  so,  under  what  conditions  ?  The  fact 
that  these  pathogenic  schizoraycetes,  which  can  also  thrive  in  the  external 
world  outside  the  animal  or  human  body,  prefer  the  neighbourhood  of  the 
animal  and  imman  body,  especially  human  habitationSj.  by  no  means  excludes 
the  possibility  of  their  fonnation  from  saprophytes.  This  fact  only  shows 
that  if  saprophytes  are  converted  into  pathogenic  microbes  by  variation  and 
cultivation,  man  and  the  saprophytes  must  mutually  influence  each  other  to  a 
great  extent. 
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E.  Review  of  the  most  important  Pathogenic  ScMzomycetes 

Among  the  diseases  caused  by  mierocoeci,  the  most  important  wound 
infections,  tho  typical  form  of  acute  disease  of  the  lungs  (croupous  pneumonia), 
and  gonorrhrta  may  be  nientioneti. 

Within  the  hist  twenty  years  the  teaching  of  |>atholog>'  has  undergone 
radical  changes  as  regards  nmmd  infrHifma,  Long  before  this,  certainly,  it 
had  been  noted  that  incised  wounds  sometimes  cicatrised  very  quickly  without 
the  occurrence  of  suppuration.  Such  healing  per  primam  intentmiem  was 
aimed  at  in  certain  favourably  situated  cases,  but  was  always  a  rare  occur- 
rence and  was  only  obtained  by  very  careful  treatment.  8u[>imration,  there- 
fore»  was  supposed  to  be  a  phenomenon  belonging  to  the  natural  process  of 
healing,  which  was  always  present,  more  especially  after  extensive  injuries  com* 
bined  with  loss  of  tissue. 

The  aim  of  the  surgeon  was  to  avoid  too  extensive  and  protracted  suj)- 
puration,  since  experience  taught  that  such  very  extensive  suppui-ation  gave 
rise,  not  only  to  high  fever,  but  also  frequently  to  suppuration  in  internal 
organs,  These  purulent  metastases,  or  metastatic  abscesses,  in  the  internal 
organs  were,  in  their  most  essential  |joints,  correctly  interpreted  as  the  result 
of  the  absorption  of  the  pus-forming  elements  into  the  blood.  Attention  was 
therefore  directed  to  keeping  the  wounds  clean  and  providing  an  exit  for  the 
pus.  Blany  surgeons  have,  in  fact,  obtained  splendid  results  simply  by 
scrupulous  cleanliness  (Koberle),  while  others,  by  purely  em])irical  methods, 
discovered  dressing  lotions  which,  by  virtue  of  the  acids,  m*>tallic  salts,  and 
other  substances  they  contained,  considerably  limited  the  suppuration  (Theden). 
Lister  was  the  first  to  introduce  a  method  of  antiseptic  treatment  bjised  o»i 
scientific  principles. 

As  may  be  gathered  from  previous  considerations,  traumatism  always 
produces  circulatoiy  reactions  and  exudations.  The  exudation  i.^suing  from 
the  congested  vessels  is,  however,  a  fluid  rich  in  fibrinogen  which  coagulates 
whenever  cells  pass  from  the  vessels  into  it.  The  red  and  white  blood 
corpuaolee,  it  is  known,  contain  large  quantities  of  fibriu  ferment  which  cause 
coagulation  in  fluids  containing  fibrinogen  (Alex.  Schmidt).  According  to  tlus 
author,  the  solid  material  formed  by  coagidation  consists  of  fibrin. 

Pm^%  on  the  other  hand,  tnhs  the  farm  of  an  ejtudatUm  rich  in  leucocytfS^ 
whose  coagnlaUlitii  is  arrested  by  thr  action  of  certain  micrxHjrfftmiwis,  the  pjogcnic 
schizomifceies.  Thne  micr(Htrginmuu\  tdi^n  iniroduced  into  thf  tissues  or  oii  to  the 
surface  of  flic  wound,  luive  the  further  cf^'cd  of  prodvdnrf  exudation.  While  it  was 
formerly  believed  that  any  foreign  body  introduced  under  tho  skin  or  into 
a  serous  cavity  could  excite  suppunition,  we  are  now  convinced  that  tins 
only  took  place  when  the  foreign  body  was  contanvinfitotl  by  pus-forming 
organisms.  If  tho  foreign  body  were  carefully  sterilised,  it  simply  became 
enclosed  in  the  tissues  of  the  human  being  or  animal  to  which  it  was 
transfeiTed.  If  sterilisation  be  omitted,  suppuration  may,  as  a  rule,  be  ex- 
pected, because  the  pusforminn  schizomt/cetcs  arc  Err//  coiunumlij  preseni  iji  the  ricijiitf/ 
of  man.  Even  strong  cauterising  chemicals  cause  no  suppuration,  if  they  have 
previously  been  carefully  freed  from  pus- forming  schizomycetes.  If  a  few 
drops  of  oil  of  tuii>entine  or  creosote  be  injected  under  the  skin  without  further 
precautions,  suppuration  follows ;  but  if  sterilised  fluids  and  syringes  be  exclu- 
sively used  in  this  experiment  and  the  surface  of  the  skin  bo  carefully  cleansed 
before  the  injection,  there  is  no  suppui-ation.     Another  method  is  to  enclose  the 
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fluid  to  be  tested  in  a  thin-walled  glass  ball  and  sterilise  them  together.  The 
glass  is  allowed  to  become  enclosed  under  the  skin  of  an  animal.  If  it  be 
then  broken  by  external  pressure,  the  irritating  liuid  flows  into  the  tissues  and 
causes  local  disturbances  of  circuktion,  perhaps  also  local  necrosis.  Suppura- 
tion, hoxvever,  does  not  occur. 

There  are  some  thanical  bodie.%  however^  which  give  rise  to  exudatum  resemblimf 
ptis.  ('rotfrn  oil  (Cohnheim  and  Cooocilman)  and  cadaverln  (Grawitz)  are  beat 
known.  When  introduced  beneath  the  skin,  they  cause  the  formation  of 
cellular  exudations  which  do  not  coagulate.  It  is  doubtful  whether  these 
arc  identical  with  true  pus.  In  the  first  place,  it  appears,  as  may  be  gathered 
from  the  investigations  of  Grawitz,  that  in  chemical  suppuration  an  uimsuially 
active  participation  of  the  tixed  cells  of  the  connective  tissue  takes  place.  The 
cells  of  this  exudation  are  only  to  a  relatively  hniited  extent  emi^aled  white 
cells,  the  major  portion  are  derived  from  the  flat  and  round  connective  tissue 
cells.  True  pus,  on  the  other  hand,  consists  almost  exclusivfly  of  emigrated 
white  cells.  It  must  also  be  remembered  that  those  chemical  or  toxic  exuida- 
tions  cannot  ciiuse  metastatic  suppuration,  unless  schizomycetes  have  developed 
in  them  secondarily.  In  suppuration,  however,  one  of  the  chief  dangers  lies 
in  the  metastatic  formations. 

It  may  bo  supposed  that  the  pyogenic  organisms  generate  an  unorganised 
eii;grme  in  the  tissues,  which  dissolves  the  hbiiu  of  the  exudation  in  statu 
nas(^tndi,  and,  in  the  same  way,  liquefies  the  elements  of  the  tissues  within 
the  suppiu'ating  area.  By  this  liquefaction  the  tissues  infiltrated  with  pus 
are  converted  into  a  cavity  contain itig  fluid  i^us,  an  abscess.  Lastly,  it  must  l>e 
mentioned  that  ammonium  and  trimethyhmiin  are  present  in  the  metabolic 
products  of  the  pyogenic  organisms,  bodies  which  can  pro+luce  marked  cir- 
culatory disturbances  even  when  greatly  diluted,  and  therefore  thus  maintain 
and  increase  the  exudation. 

Among  the  moat  important  pua-fonning  schizomycetes  the  best  known  are  : — 

1.  Staphylococcus  Pyogenes  (OgBtou) 

In  abscesses  of  the  skin,  the  subcutaneous  cellular  tissue,  the  mamma, 
the  parotid,  the  lymph-glauds,  and  the  tonsils,  in  purulent  accumulations  in 
the  pleural  cavities,  bursavmucosie,  and  joints,  in  suppurating  bone  marrow  and 
in  other  situations,  a  stai>hylococcus  is  very  frequently  found,  occurring  in 
three  forms  (perhaps  to  bo  regarded  as  varieties),  as  staphylococcus  pyogenes 
aureus,  albus,  and  citreus. 

This  schizomycete  is  frequently  present  in  large  numbers  in  fresh  pus, 
sometimes  as  a  pure  culture.  A  dried  cover-glass  preparation,  stained  \nth 
methylene  blue,  shows  its  characteristic  appearance  without  any  ditbcuUy 
(Plate  II.,  Fig.  a). 

It  may  be  cultivated  pure  without  difBculty  by  von  Rosenbach  and  Pa5.set's 
process.  On  gelatine  or  agar-agar  plates  it  forms  small,  golden-yellow,  white, 
or  iemon -yellow  colonies  fairly  opaque.  The  gelatine  is  liquefied.  Potato 
cultures  also  do  well.     The  best  temperature  is  37'  C. 


3.  Streptococoua  Pyogenes 

This  schizomycete  (Plate  II.,  Fig.  b)  forms  short  and  long  chains  of  micro- 
cocci, stained  by  most  aniline  stains.  They  are  found  in  great  numbers  in 
the  abdominal  ca^-ity  in  puerperal  peritonitis  and  after  laparotomy  (Orth) ;  also 
in  metastatic  abscesses.     It  is  easily  cultivated  in  solid  or  fluid  nutrient  media 
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(optimum  temperature  30"^  to  37°  C.)  Deep  within  the  agar  or  gelatine  plates  it 
appears  as  a  small  transparent  or  whitish  colony ;  but  on  the  surface  of  the 
plate  it  grows  laterally  and  forms  masses  which  may,  at  a  later  stage,  become 
somewhat  brownish  in  colour. 

3,  StreptococciiB  ErysipelattB 

The  first  reliable  observations  were  made  by  von  Recklinghausen  and 
Lukomsky,  who  found  the  connective  tissue  spaces  and  Jympli-vessels  in  the 
margin  of  the  spreading  erythematous  area  of  the  skin  filled  with  more  or 
less  dense  accumulations  of  micrococci  (Fig.  13).  Since  then  Fehleisen  has 
succeeded  in  obtaining  pure  cultures  of  thi.s  organism.  It  is  doubtful,  however, 
whether  it  is  distinct  from  the  streptococcus  pyogenes.  The  resemblance  be- 
tween the  two  varieties  is,  certainly,  veiy  close. 

These  are,  certainly,  not  all,  but  the  most  important  of  the  recognised  pus- 
forming  schizomycetes.  Their  pathogenic  action  has  been  repeatedly  tested 
experimentally.  It  was  thus  found  that  these  pathogenic  micro-organisms 
which  were  derived  from  man  could  not  always  produce  supj^uration  in 
animals.     As  Grawitz  discovered,   and  as   I   can   confirm,   even  considerable 

quantities  of  staphylococcus  aureus,  injected  sub- 
cutaneously  or  into  the  pleural  cavities,  caused  no 
reaction.  Suppuration  only  occurred  invariably  if 
irritating  chemical  substances  were  injected  at  the 
same  time,  making  the  tissues  susceptible  to  the 
attacks  of  the  schizomycetes.  Among  such  irritat- 
ing chemical  substances  we  may  mention  the  meta- 
bolic products  of  the  juis-forming  cocci. 

It  may  be  assumed  from  clinical  experience  that 
the  tissues  of  the  human  body  also  offer  consider- 
able resistance  to  the  development  of  the  invading 
schizomycetes,  so  that  every  infection  is  not  followed 
by  suppuration.  It  must,  also,  Ije  recognised  that 
the  vinilence  of  these  micro-organisms  is  subject  to 
considerable  variation,  so  that  an  apparently  trifling 
infcctiun  tci-minatcs  at  one  time  in  the  formation  of  a  small  pustule,  while  in 
other  cases  the  suppumtjon  extends  and  destroys  largo  areas  of  tissue  or  causes 
death  by  general  disease. 

Seeing  tliat  the  result  of  the  infection  with  pus-forming  organisms  varies  so 
greatly,  it  is  int4U'e8tinp;  to  find  that  their  power  of  causing  suppuration  in  man 
hiifi  been  pruved  cxi»crimentally.  Garre,  Bumm,  and  llockluirt  have  inducfii 
more  or  leas  extensive  suppurations  in  themselves  and  in  otlicrs,  by  rubbing 
pure  cultures  of  staphylococci  into  sujierficial  abrasions  of  the  skin  or  into  the 
uninjured  skin,  or  l>y  injecting  them,  suspended  in  snlt.  solution,  under  the  skin. 
These  experiment*  show,  also,  that  man  is  comparatively  susceptible  to  purulent 
infection.  In  a  similar  manner,  Fehleisen  caused  typical  erysipelas  with 
suppuration  in  man  by  inoculation  with  his  streptococcus  orysijH^latis. 

The  pyogenic  streptococci  are  supposed  to  prmiuce^  as  a  rule,  progressive 
ftuppuraiion,  while  the  staphylococci  are  more  frequently  limit^sl  to  the  part 
first  uffi'cted.  It  appears  to  me,  also,  that  the  pyogenic  strepUxrocci  are  the 
more  viiulenl  and  are  more  fretjuently  present  in  extensive  suppiuralions.  It 
18  frequently  observed,  however,  that  stvaphylococci,  oltOi  girc  rise  to  far- 
apreading  suppuration  and  to  the  formation  of  metastatic  «b8oesM6, 

The  development  of  suppuration  differs  according  to  the  specinl  circum- 
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stances  of  each  case.  Suppuration  in  the  sebaceous  glands,  such  as  the  furuncle 
which  frequently  occurs  in  pathologists,  depends,  as  a  rule,  upon  the  invasion 
of  the  glands  b)*  staphylococci  without  any  injury  of  the  skin.  If  kept  at  rest, 
these  furuncles  generally  run  a  favourable  course,  while,  by  active  movement, 
the  pus  is  easily  spread  and  the  absorption  rendered  much  more  active.  As 
physiological  experiment  has  shown,  active  and  passive  movements  very  con- 
siderably accelerate  the  lymph -stream,  and  with  it  the  diaseminatioD  of  the 
pathogenic  schizomycetcs. 

In  the  same  way,  it  must  bo  remembered  that  many  individuals  are  much 
more  liable  to  suppurative  infections  than  others,  by  reason  of  their  special 
predisposition.  This  is  specially  true  of  tubercidar  subjects.  It  has  also  been 
mentioned  already  that,  in  many  other  febrile  infective  diseases,  such  as  typhoid 
for  instance,  mixed  infections  with  suppurative  virus  take  place  extremely 
frequently,  and  insignificant  solutions  of  continuity  in  the  skin  and  raucous 
membranes  provide  the  point  of  entrance  for  the  pus-formiug  schizomycetes. 
There  can  be  no  doubt  that  the  mortality  statistics  in  typhoid  and  other  general 
infections  would  show  much  more  favourable  numbers  if  it  were  possible,  in  a 
large  number  of  cases  at  least,  to  exchuie  this  mixed  infection  with  pyogenic 
schizomycetes.  This  fact  is  so  much  the  more  important,  since  the  physician,  by 
careful  nursing,  can  accomplish  so  much  in  this  connection.  For  instance,  a 
mistake  is  often  made  in  omitting  to  oiler  drinks  at  regular  periofls  to 
assuage  the  thirst  of  the  feverisli,  unconscious  patient  who  cannot  express  his 
wants.  The  parched  condition  of  the  mouth  from  want  of  water  causes  small 
fissures  of  the  lips  and  tongue  which  allow  pyogenic  cocci  to  enter.  In  the 
same  way,  the  cessation  or  retardation  of  the  salivary  secretion,  due  to  the 
insufhcient  supply  of  water,  appears  to  enable  the  schizomycetes  to  pass  from  the 
mouth  into  the  salivary  glands  by  means  of  the  salivary  duct»  and  thus  to  cause 
suppuration  in  the  parotid  for  instance.  The  formation  of  bed-sores  causes  the 
Bftme  risks. 

The  opportunities  for  infection  by  pus-foraiing  schizomycetes  are  extremely 
numerous  and  varied.  In  this  connection  special  mention  ought  to  be  made, 
since  they  are  frequently  overlooked,  of  purulent  catarrh  of  the  accessory 
cavities  of  the  nose  and  catarrh  of  the  middle  ear^  from  which  the  infection  of 
the  nose  and  pharyngeal  cavity  generally  follows.  Catarrh  of  the  genito-urinary 
tract  must  also  be  mentioned.  In  this  condition  mixed  infections  are  fre- 
quently present,  in  which  one  or  other  form  of  the  pua-forraing  schizomycetes 
already  mcntionetl  is  introduced  into  the  tract  in  addition  to  those  which  cause 
gonorrhcea.  The  pus-forming  schizomycetes  also  extend  to  the  bladder,  the 
ureters,  and  the  pelvis  of  the  kidneys,  and  finally  settle  down  in  the  kidney. 
Long  after  the  gonorrhoea!  catarrh,  which  was  also  a  purulent  catarrh,  is  over, 
a  purulent  catarrh  of  the  iniuary  passages  is  found  with  or  without  the  formation 
of  ulcers.  Abscesses  of  the  kidney  may  finally  appear,  and  it  w^as  in  these  that 
Klebs  first  demonstrated  th«  pyogenic  schizomycetes  in  the  internal  organs  in 
man  (in  the  year  186(5),  thns  anticipating  all  other  obsenr'ntions. 

In  many  cases  general  diseases,  varying  in  kind  and  importance,  are  associated 
with  local  suppurations.  In  the  first  place,  it  may  happen  that  the  soluble 
metabolic  products  of  the  schizomycetes  are  absorbed  by  the  blood  from  more  or 
less  limited  primary  foci  of  suppuration.  In  this  case  they  give  rise  to  more 
or  less  marked  rises  of  temperature  and  to  a  series  of  other  symptoms  which 
are,  as  a  rule,  inchaded  under  the  term  fever.  If  the  pus  be  removed  by  any 
means  whatever,  the  fever  disappears  in  a  few  hours,  since  there  is  no  further 
absorption  of  poisonous  substances,  while  the  poisons  circulating  in  the  blood 


78 


SCHJZOMYCETES 


are  very  rapidly  decomposed  and  excreted.  Such  cases  may  be  regarded  u 
due  to  Vkj)urulent  intoxkuiion. 

Not  infrequently,  however,  putrefactive  and  pyogenic  schizomycetes  are 
taken  op  by  the  blood  along  vdih  the  soluble  chemical  poisons  of  the  pus ; 
and  thus  septic-pyBemic  infections,  usually  termed  septkmma  and  pymnin,  take 
place. 

By  sepiiamiia  is  understood,  as  a  nile,  a  general  disease  caused  by  a  wound 
infection  and  characterised  by  persistent  high  temperature.  Histologically,  there 
is  found,  in  the  first  i>hice,  a  aeries  of  changes  which  are  also  observed  in  most 
infections  associated  Avith  high  fever — enlargement  of  the  spleen,  cloudy  swelling 
of  the  heart-muscle,  the  h'ver,  the  kidneys,  etc.  In  a  i'ew  cases  it  is  possible  to 
demonstrate  the  presence  of  the  pus-forming  schizomycetes  both  in  the  blood 
during  life  and  in  the  cadaver.  In  the  kidney  and  liver  they  are  also  found 
occasiunally,  but  by  no  means  invaiiably.  In  other  c^ses  the  putrefactive 
schizomycetes  and  their  metabolic  products,  as  well  as  the  suppurative  schizo- 
mycetes, enter  the  blood  from  wounds  undergoing  putrefactive  decomimsition. 
These  saprophytes  are  very  easily  overlooked,  as  tliey  do  not  find  conditions  at 
all  favourable  to  multiplication  in  the  human  body.  To  obtain  rapid  luxunant 
growths  of  8apro]>h3'te8,  however,  it  is  sufficient  to  preserve  small  poi-tions  of  the 
organs,  excised  with  all  precautions,  from  a  septica-mic  cadaver  in  sterilised  tuljes 
at  a  temperature  of  37^  C.  Such  an  exjieriment  is,  of  course,  not  sufficient 
proof  until  it  has  been  carefully  worked  out. 

In  adilitiou  to  the  anatomical  changes  already  mentioned — enlargement 
of  the  spleen,  cloudy  swelling  of  the  heart-nmscle,  the  liver,  and  kidneys^-still 
another  series  of  changes  is  found  in  septictemia.  Amongst  these,  in  the  first 
place,  there  may  be  mentioned  multiple  ecchjTiioses  in  the  pleura  and 
pericarditim,  sometimes  also  extensively  distributed  through  all  the  organs. 
It  has  already  been  fully  explained  that  these  ecchymoses  are  to  he  referred 
to  pathological  increase  in  the  pcrmeabilit>'^  of  the  capillary  walls.  As  a  fact, 
the  foreign  substances  cu-cnlating  in  the  blood,  the  metabolic  piwiucts  of  the 
schizomycetes,  and  the  products  of  the  abnormal  metabolism  of  the  pyrexial 
human  body,  seem  calculated  to  give  rise  to  such  disturbances  in  the  condition 
of  the  endothelial  lining  of  the  small  blood-vessels.  The  dropsical  effusions 
into  the  lung-tissue  (pulmonary  tedema)  which  sometimes  brings  about  the 
fata!  termination  are,  as  I  have  sliown,  to  be  exphuned  in  the  same  way. 
Fibrinous  exudations  into  the  alveoli  of  the  lung  are  sometimes  associated 
with  these  (edemas.  The  abnormal  permeability  in  the  capillary  walls  is  also 
indicated  by  the  occurrence  of  albumen  in  the  urine.  Changes  are  sometimes 
observed  in  the  digestive  tract  also,  such  as  swelling  of  the  gastric  mucous  mem- 
brane, intestinal  catarrh,  and  diphtheritic  destniction  of  the  mucous  membrane 
of  the  ileum  and  colon — changes  which  afterwards  will  be  more  minutely  de- 
scribed in  detail.  Lastly,  icterus  is  not  infrequently  observed,  while  extensive 
redness  of  the  skin  (surgical  scarlet  fever)  or  vesicular  skin  eruptions  only 
appear  in  a  few  cjisea 

In  jv/if'fiiiii  similar  appearances  are  found,  with  this  difference  that,  as  a 
result  of  the  di.saemi nation  of  pyogenic  schizomycetes,  suppurations  appear 
simultaneously  in  the  most  different  parts  of  the  body,  accompanied,  as  a  rule, 
by  a  transitory  serious  aggravation  of  the  pyrexial  symptoms.  The  pyrexia 
assumes  an  intermittent  character.  These  transitory,  but  very  greiit,  rises  in 
the  internal  temperature  of  the  body  are  accompanied  by  rigr>rs,  which  make 
the  critical  condition  of  the  patient  apparent  even  to  the  laity.  Histological 
examination  afterwards  shows  cloudy  swelling  of  the  heart-muscles,  the  liver, 
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the  kidneys,  recent  swelling  and  enlargements  of  tlie  spleen,  and,  a  most 
important  condition,  purulent  accumulations  in  the  joints  and  serous  ca-v-ities, 
larger  and  smaller  abcesses  in  different  organs,  the  lungs,  liver,  spleen,  kidneys, 
muscles,  eyes,  bone  marrow,  and  other  places.  Occasionally  also  suppuration 
occurs  in  the  sub-raucosa  of  the  stomach. 

In  these  metastatic  suppurative  foci  the  pyogenic  schizomycetes  are  demon- 
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Pl*j.  U.— Zoogloed  Ibruiwl  by  pyogfl«ic 
jiilcroeucc)  In  Uv«!f  capillaries,  x  400. 


Fio.  15.— Zoogluea  in  a  captlJiiry  in  the  tutirhilbi  of  the  kiilncy. 
Stained  with  aluni-canniiw.  Th«  iUillvJdual  ndcrpeocel 
cannot  be  ncognlsed  tojr  the  lue  of  a  micToscopfl  with  » 
inukU  anglo  of  apertore.  Tlie  entire  owhs  appears  lut  n 
<i«rk  red  body  (black  in  the  Ugurt;).    x  240. 


airated  without  difficulty,  either  by  histological  examination  or  by  pure  cultivatiuti. 
Pig^  14  shows  a  ^loogltea  colony  in  a  capillary  of  the  liver,  greatly  magnified. 

This  colony  is  evidently  quite  recently  formed ;  at 
least  there  are  no  noticeable  changes  to  be  found  in  the 
tissues  in  their  neighbourhood.  Not  infrequently  the 
capillary  channels  in  such  cases  appear  varicose  and 
greatly  distended  by  the  masses  of  zoogla'^a  (Fig.  15)  in  R*^ 

a  manner  which  cannot  be  cxi^lained  fis  the  simple  result 
of  blood-pressure.  We  are  forced  to  conclude  that  the 
zooglaea  have  increased  in  size  within  the  capillary  tube, 
since  only  the  pressure  of  growth  is  capable  of  producing 
the  very  marked  varicosities.  It  is  also  very  apparent 
that  the  adjacent  tissues  become  infected  from  sue 
zooglo?a  mass  in  a  way  which  can  only  be  explaino 
growth  and  multiplication  of  the  schizomycetes  in  situ  (Fig. 
16).  Minute  groups  of  micrococci  pass  out  through  the 
vessel  wall,  apparently  through  the  cement  substance  lying 
between  the  endothelial  cells  of  the  vessel,  aa  seems  to  be 
indicated  by  the  peculiar  shape  and  position  of  these  little 
swarms  of  micrococci. 

In  the  neighbourhood  of  these  groups  of  schizomy- 
cetes, which  have  been  brought  by  the  blood  and  have 
then  multiplied  luxuriantly,  necrosis  of  the  tissue 
elements  takes  place,  evidently  owing  to  the  action  of 
the  metabolic  products  of  the  schizomycetes.  The  necrosis  is  followed  by 
suppuration. 

Extension  of  the  patliogenic  micro-organisms  from  the  floor  and  margins  of 
the  primary  focus  of  infection  throughout  the  whole  body  takes  place  partly  by 
means  of  the  tissue  spaces  and  serous  cavities,  partly  through  lymphatic  channels, 


Fm.  HJ,— Zooglu!*  In  capU* 
lary  of  kidney.  8<ims 
fnit:rococcl  h».v«  p»aMd 
through  it«  walL     x  400. 
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and  partly  by  direct  invasion  of  the  blood,  as  was  shown  specially  by  Virchow's 
classical  reseiirches.  Inasraucb,  however,  as  the  tissue  spaces  and  serous  cavities, 
as  well  as  the  lymph-channels,  give  up  their  contents  to  the  blood  at  lust,  the 
blood -stream  is  the  most  important  channel  for  the  dissemination  of  these 
organisms.  This  will  be  more  fnlly  discussed  in  the  chaptei^s  on  "embolism"  and 
'*  thrombosis."  It  should  bo  noted,  however,  that  pyogenic  scliizomycetea  are  fre- 
quently deposited  on  the  walls  of  the  vessels  also,  the  valves  of  the  heart 
especially — a  fact  of  special  importance  for  the  further  course  of  the  disease. 

Pyivmic  disease  of  the  valves  of  the  heart  {enihcardilis  pycsmka)  is  chiefly  of 
an  ulcerative  character,  as  may  be  gathered  from  the  researches  of  Heiberg, 
Eberth,  Wedel,  Burkai't,  Thoma,  R.  Mayer,  Klebs,  Koster,  and  others.  It 
forms  small  and  large  erosions  or  ulcers,  chiefly  on  the  line  of  apposition  of 
the  valves.  The  Imse  and  mju*gins  of  these  ulcers  contain  deposits  of  pyogenic 
schizomycetes,  in  the  neighbourhood  of  which  the  tissue  partly  dies,  partly  swells 
up  from  accumulation  of  pus  cells.  Usually  these  valvulai-  olcers  are  covered 
by  fibrin  deposited  from  the  blood,  in  which  the  same  schizomycetes  grow 
luxuriantly.  Since  the  blood  separates  and  floats  off  part  of  this  fibrinous 
deposit,  a  very  considerable  infection  of  the  blood  results,  which  is  manifested, 
as  a  nile,  by  the  occurrence  of  numerous  abscesses  throughout  the  body. 

The  particulars  of  all  those  pathological  processes  will  be  considered  later. 
It  must  be  further  mentioned  here,  however,  that  opportunity  is  frequently 
given  of  observing  cases  of  pyaemia  in  which  it  is  not  possible  to  demonstrate 
the  point  at  which  the  poison  entereil  the  body — the  focus  of  primary  infection. 
In  order  to  understand  these  mfpto<jenetk  pymnuis  we  must  refer  to  the 
fact  that,  as  experience  has  shown,  not  only  can  very  insignificant  local  lesions 
form  the  startitig-point  for  serious  disease,  but  that  small  septic  injuries  may 
even  heal  completely  and  w^ithoiit  a  trace,  although  they  have  served  as  the 
starting-point  of  a  serious  general  pyiemic  infection.  It  must  be  understood, 
however,  that  a  pyaemia  can  only  truly  be  called  eryptogenetic  if  the  histological 
investigation  has  included  the  loss  accessible  parts  of  the  body  also,  such  as  the 
accessory  cavity  of  the  nose,  etc. 
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4.  DiplococcuB  Gonorrhoes 

In  recent  gonorrho-a  a  pecuUiir  schizoniyceU;  is  frequently  found  in  the  prim- 
arily clear,  subsequently  jnirulent,  exudation  from  the  genital  mucous  raembrane. 
Thia  is  the  diplococcus  of  gonorrlnea,  which  ivaa  also  called  the  goiiococcus, 
diaeovered  by  Neisser.  After  protracted  catarrh  the  exudation  from  the  mucous 
ttiembrane  loses  its  purulent  character  and  becomes  scanty  and  only  slightly 
opaque.  At  this  stage  the  sehizomycete  cannot,  as  a  rule,  be  demonstrated^ 
aa  it  is  then  frequently  crowded  out  by  other  microbes. 

In  the  recent  discliarge  the  schizomycete  appears  partly  free,  partly'  enclosed 
in  pus  cella  (Plate  II.,  Fig.  c\  It  appears  as  pairs  of  cocci,  wljose  separate 
members  sometimes  show  indication  of  transverse  division.  The  plane  of  this 
transverse  division  is  perpendicular  to  the  plane  of  separation  between  the  two 
units  which  form  the  pair  of  cocci.  It  was  first  successfully  cultivated  pure  on 
blood -serum,  and"  subsequently  on  beef*  i«jptono- agar  at  body  tempertitme.  In 
the  mucous  membrant;  this  organism  invades  the  sujjerficial  layers  of  the 
epithelium  passing  in  between  the  epithelial  cells  ;  it  is  only  sparicgl}'  found  in 
the  superficial  layers  of  tht-  connective  tissue  of  the  mucous  membrane.  In  the 
female  it  sometimes  spreads  along  the  mucous  membrane  to  the  Fallopian  tubes, 
bladder,  and  pelvis  of  the  kidney  ;  in  the  male  into  Cowpers  glands,  the  bladder, 
thi*  pelvis  of  the  kidney,  and  into  the  vas  deferens  and  epididymis.  At 
birth,  it  is  not  infrequently  convoyed  to  the  conjunctiva^  of  the  child,  where 
it  causes  a  violent  punzlent  cjitarrh,  which  may  destroy  the  eye. 

It  has  not  bet;n  found  possible  to  transmit  this  schizomycete  to  animals,  but, 
in  man,  inocidation  into  the  urethra  caused  violent  purulent  catarrh. 

In  gonorrhoea  in  man  other  schizomycetes  are  very  often  found  at  the  same 
time  in  the  secretion  from  the  mucous  membrane.  E.xperience  shuws  also  that, 
with  or  after  gonorrheal  infection,  other  infections  (mixed  infections)  with  pyo- 
genic micro-organisms  or  tubercular  bacilli  may  occur.  It  is  sometimes  noted 
that,  after  gonorrhasa!  infection,  collections  of  pus  form  in  tlie  joints  with  or 
witliout  mycotic  disease  of  the  cardiac  valves.  These  are  usually  attributed 
to  mixed  infections  ;  but  the  gonococcus  has  repeatedly  been  demonstrated  with 
absolute  certainty  in  the  pus  in  the  joints. 
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6.  Diplococcus  FneumoiiisQ  (Frankel) 

Crouijoua  pneumonia  appears  as  an  acute  disease  of  the  lungs,  distinguished 
by  a  characteristic  ppexial  temperature.  Large  areas  of  the  pulmonary  tissue, 
sometimes  w^hole  lobes,  are  afl'ected  equally  and  the  alveoli  are  filled  with  a 
highly  fibrinous,  coagulated  exudation  from  the  blood-vessels.  The  aftected 
portions  of  tlie   lung,  at  the   height   of   the  disease,  accordingly  are  airless, 
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grayish-red  or  gray,  an  appearance  which  has  ofteii  been  comjiared  to  liver 
tissue.  Fibrinous  exudation  is  observed,  at  the  same  time,  on  the  pleura,  and 
occasionally  on  the  mucous  membrane  of  the  bronchioles  of  the  affected  part. 

After  Klebs  had  first  found  microbes  in  such  pneumonic  lungs,  some  com- 
raunications  of  Fried liinder  concerning  similar  discoveries  excited  general 
interest.  They  will  be  considered  later  in  the  description  of  the  imthogenic 
bacilli.  The  investigations  of  K.  Friinkel  and  Weichselbaura  have,  however, 
eshown  that  different  microbes  evidently  co-operate  in  this  disease,  and  that,  as 
a  rule,  the  deterraiiiing  part,  is  played  by  a  diplococcuSj  the  pneumonia- 
raicrobion  of  Friinkcl,  called  diplococcus  pneuraoniso  by  Wcichselbaum.  These 
conclusions  are  in  complete  accord  witli  my  own  obsen'ations.  The  diplococcus 
pneumonia-  consists  of  spherical  bodies,  sometimes  oval  or  indented  by  a  median 
constriction,  usually  united  in  pairs  l>y  a  common  tjlia  eapsnle.  Sometimes 
several  diplococci,  arranged  in  a  row,  form  short  chains  of  from  four  to  eight 
individuals  (Plate  IL,  P'ig.  d).  Less  commordy  there  are  chains  with  a  larger 
number  of  members. 

They  may  be  successfully  stained  by  many  nuclear  aniline  stains,  methylene 
blue,  gentian  violet,  etc.  Gram's  method  of  staining  also  gives  good  results. 
It  must  be  remembered,  however,  that  the  glia  capsules  of  these  microbes  readily 
lose  the  .stain  they  have  taken  ujj. 

In  pure  culture  this  schizomyceto  shows  itself  to  be  a  very  sensitive  organism. 
Temperatures  below  *2 2'  C,  and  above  42 '5"  C,  arrest  its  growth.  It  develops 
best  at  35"  to  37°  C,  and  in  slightly  alkaline  nutrient  nu^dia.  It  loses  its  viru- 
lence very  rapidly  in  all  artificial  media,  and  can  only  be  preserved  by 
freqneritfy  repeated  cultivation  or  by  inoculation  into  rabbits. 

iTnfortunately,  we  are  not  yet  able  to  prove  with  certaijity  by  experiment 
that  thi.s  schizomycete  is  the  exciting  cause  of  croupous  pneumonia.  Its  invari- 
able presence  in  this  disease  cannot  be  doubted,  although  it  is  only  in  recent 
cases  that  it  can  be  demonstrated  with  certainty.  In  addition  to  it,  however, 
Friedliinder's  pneumo-bacillus  is  also  found,  as  well  as  different  pyogenic  schizo- 
mycetcs  in  varjnng  amount.  These  latter  are  mostly  streptococci,  and  are  un- 
•loubtedly  t^»  be  regarded  as  originating  mixed  infections.  They  accordingly 
disturb  the  usual  course  of  the  croujKius  pneumonia  by  converting  the  filirinous 
exudation  which  fills  the  lung  alveoli  into  pus.  The  pathogenic  significance 
of  Fried  liinder  3  pneumo-baciliua  is  all  the  more  uncertain,  as  the  discoverer 
himself  often  confounds  the  pneumo-bacillus  with  the  diplococcus  pneumoniae. 
Important  evidence  for  the  pathogenic  nature  of  the  diplococcus  pneumoniii? 
may  be  mentioned  which,  in  my  opinion,  has  not  as  yet  been  fully  ajvpreciated — 
namely,  that  in  croupous  pneumonia  disejises  of  other  organs  not  infrequently 
appear,  especially  pus-like  exudations  into  the  pia  mater  (Eberth,  Sanger,  A. 
Frankel,  Foiv,  Bordoni,  UtIVeduzKi,  Thoraa,  Wcichselbaum),  and,  in  rarer  cases, 
peculiar  diseases  of  the  endocardium. 

It  appears  that  in  these  complications  of  croupous  pneumonia  only  two 
varieties  of  schizomycetcs  have  as  yet  been  discovered.  In  one  series  of  cases 
the  complications  were  the  result  of  a  mixed  infection  by  pyogenic  .schizomy- 
cetcs ;  in  the  other  scries  of  cases,  however,  the  effusions  in  the  soft  membranes 
of  the  brain  and  the  growths  on  the  cardiac  valves  contained  the  diplococcus 
pneumonia'  exclusively  (Frankcl).  While  contamination  of  the  exudation  by 
accidentally  acquireil  foreign  schizomycetcs  cannot  be  excluded  in  the  lungs, 
in  view  of  tlie  to  and  fro  movement  of  the  respired  air  and  the  anatomical 
relations  of  the  bronchi  with  the  hollow  organs  of  the  face  and  neck,  "which  are 
plentifully  supplied  with  microbes,  such  objections  do  not  apply  to  what  is 
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found  on  the  endocardium  and  brain  membranes.  Here  w©  have  an  txjfm'V 
mtiitnm  naiurm  (as,  for  instance,  in  the  case  which  H.  Mayer  described  at  my 
suggestion).  The  achizomycete  in  question,,  which  may  be  demonsti*ated  in  nearly 
all  cases  in  the  pneumonic  exudation,  is  deposited  as  a  pure  culture  in  other 
parte  of  the  patient's  hotly,  in  the  brain  membranes  and  endocardium,  and  in 
these  manifests  itself  as  a  pronounced  pathogenic  schizomycete. 

Such  facts  certainly  cannot  rank  a-s  conclusive  proofs,  hut  they  appear  to 
me  to  be  most  important  aiguments  in  favour  of  the  pathogenic  nature  of 
the  diplococcua  jmeumotu'fu 
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6.  Sarclna  Tentrlcali 

This  schizomycete  is  not  infref[ucntly  found  in  the  contents  of  the  stomach 
ill  chionic  gastric  catarrh,  especially  when  this  is  associated  with  dilatation  of 
the  stomacL  It  was  first  observed  by  Goodsir.  It  is 
sometimes  present  in  great  abundance.  It  has  been 
connected  with  processes  of  decomposition  in  the 
stomat-h,  with  bntyric  fermentation  especially ;  but  this 
i.s  doubtful. 

Sarcinai  ventrical i  consist  of  round  individual  ele- 
ments, every  eight  arranged  in  small  (juadrangular 
packets,  which  have  not  inappropriately  been  comparetl 
to  hales  of  goods  (Fig.  17).  Such  packt'ts  of  eight 
individual  elements  are  frequently  united  \a.\  form  larger 
parcels,  in  whjch»  however,  the  rectangular  arrange- 
ment of  the  fragments  is  preserved. 

The  separate  spherical  bodies  which  constitute  the 
sarcina?  allow  us  to  differentiate  the  strongly  refractilo 
contents  from  a  broad  cortical  layer.     They  sometimes 

look  as  if  the  eight  spherical  portions  of  the  contents  wore  surrounded  by  a 
common  envelope  which  showed  slight  constrictions  between  the  separate 
portions  of  tlie  contents.  The  contents  are  sometimes  of  a  faint  reddish  tint. 
The  size  of  the  several  cells  is  exactly  the  same  in  each  sarcina,  but  varies 
within  wide  limits,  1  to  3  /*,  in  different  colonies. 


Pio.  17.— Sarcina  vantrieuli 
from  tlio  content*  of  the 
stomach.  Large  and  small 
varietltai.     x  ISOO. 
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7.  S&rciaa  ITren 

A  very  minute  form  of  sarcina  is  sometimes  found  in  the  urinc%  perhaps  only 

an  innocent  panisite,  causing  slight  turbidity  of  the  urine.  In  external 
appearance  the  ssircinae  of  the  urine  do  not  ditter  from  the  small  form  of  the 
sarcinae  of  the  stomach,  but  their  separation  as  a  distinct  variety  has  l>een 
perfectly  justified,  since  Hartge  demonstrated  under  my  superintendence,  that 
the  sarcina?  of  the  urine,  unlike  the  sarcinse  of  tlie  stomach,  decitledly  preferred 
acid  nutrient  media,  and  may  be  obtained  without  difficulty  as  plat*?  cultures  by 
attention  to  this  peculiarity. 

For  tliis  purpose  sterilised  agar  containing  urine  rendered  acid  by  phos- 
phoric acid  is  most  suitable.  The  achlzomycete,  in  question,  thrives  most 
luxuriantly  at  a  temperature  of  37"  C. 

Varieties  of  sarcinae  have  been  repeatedly  observed  in  bronchial  secretion 
also,  especially  in  infarct  of  the  lung.  On  account  of  their  alight  pathological 
importance  they  may,  however,  be  disregarded  here. 
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A  series  of  anaerobic  pathogenic  bacilli  may  now  be  mentioned. 

8.  Bacillus  iSdematia  Maligni 

This  schizomycete,  frefjueiitly  found  in  garden  soil,  was  first  made  use  of 
by  IClebs  for  experimental  production  of  wound  infection.  More  recently  the 
researches  of  Brieger,  Ehrlich,  Ciiauvean,  and  Arloing  showed  that  the  same 
schizomycete  was  sometimes  met  with  in  man,  in  wounds  which  were  associated 
with  extensive  local  tissue -death  (gangrene).  The  gangrene  is  preceded  by 
a  marked  exudation  of  the  blood-plasma,  generally  mixed  with  blood-pigment, 
into  the  tissues  (ha?morrhagic  oedema).  At  the  same  time  bulhe  containing  gas 
are  sometimes  formed  in  the  dying  tissue  (gas  gangrene).  Microscopically, 
slender  bacilli,  3  to  4  /x  lon^,  are  found  in  the  tissue  fluids.  They  may  be 
cultivated  without  difficulty  if  placed  within  tubes,  filled  to  a  height  of  .30  to 
50  cm.  with  sterilised  broth,  becf-peptonegelatiui',  or  beGf-pe]itone-agar  whicli 
have  been  previously  freed  from  air  by  careful  boiling.  The  addition  of  grape- 
sugar  is  an  advantage.  The  bacilli  multiply  very  (juickly  both  at  the  tempera- 
ture of  the  room  and  in  the  incubator,  with  occasional  formation  of  gas  in  the 
nutrient  media.  Examined  in  hanging  drops,  the  bacilli  are  seen  to  be  motile, 
moving  by  means  of  fine  cilia. 

9.  Booilliis  EmpbyBematia  Malig^ni 

In  three  cases  of  "gas  "  gangrene  in  man,  Wicklein,  working;  in  my  institute, 
found  a  bacillus  very  similar  to  the  preceding  one  (see  Plate  IIL,  Fig.  ii)^  which 
differed,  however,  in  the  much  greater  foraiation  of  gas,  as  well  as  in  the  fact 
that,  when  transferred  to  animnl-s  for  experiment,  it  showed  reactions  different 
from  those  of  the  (Jedema  bacillus,  which  will  be  more  thoroughly  described 
under  the  foUo^ving  variety  of  schizomycete.     Since  in  those  three  cases  we 
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had  to  deal  witli  iTijuries  from  agricultural  machines,  it  may  be  assumed  that 
thiis  microbe  also  originates  from  the  soil 
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10.  BaclUoB  CarbuncuLi  Symptomatici 

I  have  used  the  Latin  term  cmhunculus  st/niptonuitirm,  corresponding  to 
the  French  and  Italian  terms  charlmi  sijmptcmuxtMpte  and  earhnrhio  stnio- 
maiiat  instead  of  "black-leg"  (Rauschbrand),  for  a  disease  first  recognised  and 
described  by  Feser  as  due  to  microbes.  This  disease  is  also  caused  by  a  rod- 
shaped  micro-organism  which  is  figured,  as  a  rule,  as  somewhat  more  slender 
than  the  bacillus  (ederaatis  maligni.  The  difference  in  external  characters  is, 
however,  too  slight  to  justify  a  distioction  by  them  alone. 

Arloing,  Cornevin,  Thumas,  and  KitasMto  have  cultivated  the  **  black-leg  " 
l)acillus  in  Huiil  nutrient  media  and  recognised  it  as  being  obligatory  auferobic. 
To  distinguish  it  from  the  two  jireceding  varieties  of  schizomycctcs,  which  are 
very  similar  to  it^  it  should  be  noted  that  the  black-leg  bacillus  is  much  more 
actively  motile.  It  was  also  shown  by  Arloing,  Cornevin,  and  Thomas  that  a  very 
serviceable  material  for  protective  inoculation  could  be  obtained  from  the  virus 
of  black-leg,  which  very  etfectually  protected  the  animal  from  the  serious  spon- 
taneous forms  of  the  disease,  and  did  notitFJclf  expose  it  directly  to  any  consider- 
able danger.  The  fact  that  the  action  of  the  l>lack-leg  bacillus  on  man  and  other 
animals  differs  from  that  of  the  bacilli  of  malignant  cedema  and  malignant  emphy- 
sema is  sufficient  to  diiferentiate  it.     This  may  be  expressed  in  a  few  words  : — 

Susceptible  to  the  bacillus  carbunculi  aymptnmatica — first  cattle,  then  sheep, 
rabbit^,  guinea-pigs,  and,  to  a  much  less  extent,  horses  and  assea 

Susceptible  to  the  bacilhie  eraphysematis  maligni — man,  then  guinea-pigs. 

Susceptible  to  the  bacilhis  cedematis  maligni — first  horses,  then  pigs,  dogs, 
guinea-pigs,  rabbits,  hens,  and  pigeons  and  man. 

Immune  to  bacillus  carbunculi  symptomatici— pigs,  dogs,  hens,  and  rats. 
Immunity  more  or  less  perfect. 

Immune  to  the  baciHus  emphyscmatis  maligni — sheep,  dogs,  rabbits. 

Immune  to  the  bacillus  tedematis  maligni — as  far  as  is  proved,  only  cattle. 

Beyond  this  the  anatomical  and  functional  disturbances  which  the  three 
bacilli  mentioned  produce  show  great  similarity,  especially  when  we  consider  that, 
as  a  rule,  spontaneous  infection  of  black-leg  takes  place  through  the  skin  of  the 
cattle,  less  often  by  the  mouth,  and  usually  while  on  pasture.  It  is  evident 
that  this  is  also  an  infection  which  is  connected  with  the  soil.  It  has  not  yet 
been  satisfactorily  explained  whether  man  can  be  infected. 

Literature 

dtichr.  r  pr.  Vetcriniirwisseusch.,  1876.     Der  Milzbraud  der  oberbayerischcn  Alport. 
BwlK  1879. 
W.  Koch— DoutAtihe  Chirurgie,  vol.  tx.,  1886. 

Arloing,  CoayEviN,  Thomas— L«  churbon  ajrmptoinfttique  du  bwaf.    Puis,  1887. 
Kmr— Centralbl.  f.  Bakt.,  1887. 

11.  BacillnB  TetanI 

The  bacillus  tetani  also  originates  in  the  earth,  in  the  superficial  layers 
of  which  it  is-  widely  distributed.     Nicolaier  first  found  it  in  garden -mould, 
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and  caused  the  characteristic  sjMisms  of  traumatic  tetanus,  by  inoculation  of 
guinea-pigs  and  rabbits  with  soil  containing  bacilli. 

In  pure  cultures  this  schizonijcete,  accordinj<  to  th«  researches  of  Kitasato, 
l>ehaves  as  an  anaerobic  bacillus^  liquefying  gelatine  wiili  the  formation  of  gas. 
Its  growth  is  favoured  by  a  slight  addition  of  grape'Siigar»  and  by  warming  to 
body -temperature.  After  several  days'  growth  it  forms  spores,  situated  at 
its  ends.  This  peculiarity  is  also  observed,  however,  in  the  three  last-named 
varieties  of  schizomycetes,  from  which  the  tetanus  bacillus  is  distinguifthed  by 
its  smaller  size,  Brieger,  in  his  highly  interesting  investigations,  isolated  a 
IJoJsonous  ptomaine,  tetanotoxin  (although  not  from  jHjrfectly  pure  cultures), 
which,  when  injected  subcutaneously  into  pigs  and  rabbits,  produced  fatiil  con- 
vulsive attacks  similar  to  those  of  tetanus. 

KoBonbach  found  the  same  bacillus  in  tetanus  in  man.  Previous  investiga- 
tions had  made  it  apparent  that  traumatic  tetanus  was  an  infectious  disease, 
the  cause  of  which  was  to  be  sought  in  the  soil. 
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12.  BaoiUui  Anthracla 

Anthrax  is  a  very  severe  infectious  disease  in  cattle  and  sheep.  It  is 
not  infrequently  transmitted  to  man,  and  to  many  animals.  It  was  recognised  as 
a  distinct  disease  by  Chabcrt  as  early  its  tlie  end  of  the  eighteenth  century, 
and,  more  recently,  Larry,  J.  F.  Hotlmann,  Cierlach,  and  especially  Bollinger, 
have  investigated  it  very  thoroughly. 

In  cattle,  fever  begins  within  one  to  four  days  after  the  date  of  infection, 
accompanied  by  weakness,  thirst,  loss  of  appetite,  and  convulsions.  The  excreta 
may  contain  blood.  In  milk-eows  the  secretion  of  milk  ia  arrested.  The  blood 
is  found  to  be  dark  and  fluid,  the  venous  system  being  cs|>ecially  congested. 
The  spleen  is  dark  red,  considerably  enlarged^  the  spleen  pulp  soft  and  hfpmor- 
rhagic.  In  the  mesentery  and  the  retro-peritoneal  connective  tissue  there  is  a 
gelatinous  htemorrhagic  infiltration,  and  sero-hieraorrhagic  effusions  are  found 
in  the  peritoneal  and  other  serous  cavities.  In  the  other  organs,  also,  there  are 
many  ha^moiThages.  The  contents  of  the  intestine  are,  as  a  rule,  blood-stained, 
and  there  are  hiemorrhagic  effusions  into  the  submucous  cellular  tissue  ;iiid  the 
mucous  membrane  of  the  intestina  Similar  conditions  are  found  in  anthrax  in 
horses  ;  but  in  them,  a«  a  rule,  the  effusions  into  the  tissues  are  not  so  markedly 
haimorrhagic,  Sometimes  circumscribed  hiemorrhagic  swellings  of  the  skin, 
with  central  necrosis  (carbuncle),  occur,  changes  which  may  also  be  met  with  in 
the  mucous  membrane  of  the  intestine.  At  the  same  time  there  is  raai'ked 
cloudy  swelling  of  the  heart-muscle,  the  liver,  and  kidneys. 

Cattle  are,  as  a  rule,  infected  through  the  intestinal  ciinal,  while  grazing  in 
certain  pastures  contaminated  by  anthrax  virus.  Man,  however,  is,  as  a  rule, 
infected  by  direct  inoculation  of  the  skin,  in  which  case  the  uncovered  portions 
of  the  body  are,  of  course,  most  often  attacked.  Less  frequently  the  disease 
results  from  eating  the  flesh  of  animals  infected  with  anthrax,  or  by  the  in- 
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halation  of  dust  contaminated  with  the  bacilhis  anthracis  in  the  manipuhition 
of  wool  and  hides  (wool-sorters'  disease). 

The  infection  of  the  skin  in  man  is  considerably  facilitateii  b}'  the  presence 
of  even  tritling  injuries,  Tlie  handling  of  living  or  dead  animals  infected 
with  anthrax  may  produce  the  disease,  which  is  manifested  at  first  as  a  local 
affection,  the  anthrax  pnstule  or  carbuncle,^  tiiali(jnuni piu^nle.  In  a  few  cases  tlie 
stings  of  files,  which  have  previously  alighted  on  cadavera  which  have  died  from 
anthrax,  must  be  regarded  as  the  meiins  of  transmission.  The  infected  spot  on 
the  skin  shows  the  earliest  changes  in  two  to  three  days.  A  small,  red,  itching 
spot  appears,  sometimes  with  a  central  black  point.  On  this  red  .spot  a  papule 
forms,  bearing  at  its  apex  a  small  vesicle  filled  with  a  clear  red  fluid.  This 
may  rupture  and  dry  up.  At  the  same  time,  the  parts  about  begin  to 
swell  considerably,  and  round  the  dried-up  vesicle  a  dark  red  area  appears,  in 
which  new  vesicles  tend  to  develop. 

A  microscopic  sectitm  through  a  .somewhat  far  advanced  malignant  pustule 
excised  from  man  during  life  and  hardened  in  alcohol,  sliows,  at  the  apex  of  the 
SAvelling,  a  small  space  between  the  cells  of  the  rote  Malpighi,  filled  with  a 
finely  granular  coagulated  mass  (anthrax  vesicle,  Plat«  III.,  Fig.  b).  Beneath 
this  are  the  papillto,  which  are  seen  to  be  greatly  swollen  by  serous  and 
ha^morrhagic  exudation  from  the  congested  capillaries.  These  are  distinctly 
seen  in  the  illustration  as  brownish  cohinms.  The  tissue  of  the  papiike  imme- 
diately surrounding  them  appears  almost  colourless  in  the  illustration,  since  in 
this  region  the  cell  nuclei  have  lost  their  power  of  taking  on  stains.  From  this 
we  infer  that  a  number  of  the  papilhe  have  undergone  local  tissue- necrosis. 
The  blood-vessels  contained  in  these  necrotic  areas  of  the  papillae,  which  are 
recognised  by  their  white  colour,  are  distinguished  by  their  extreme  congestion. 
We  are  justified  in  Jissuming,  however,  that  in  these  vessels  the  blood  has  so 
completely  lost  its  plasma,  in  conseiiuence  of  the  increased  permeability  of  the 
vessel  walls,  that  the  columns  of  blood  are  in  a  condition  of  stasis.  This  also 
explains  why  the  vessels  did  not  empty  themselves  after  excision. 

The  area  more  removed  from  the  necrotic  centre  is  infiltrated,  for  a  great 
distance^  by  innumerable  multiimcleated  lymphoid  or  exudation  cells.  Their 
nuclei,  stained  with  methylene  blue,  are  almost  exclusively  responsible  for  the 
whole  of  the  blue  colour  in  the  section  represented.  The  illustration,  however, 
only  includes  a  small  portion  of  the  entire  malignant  pustule — namely,  the 
corium,  with  cellular  infiltration  in  the  neighbourhood  of  the  vesicle.  The 
dense  cellular  inflammation  extends  much  farther  into  the  corium  to  varying 
distances,  and  part  of  the  subcutaneous  connective  tissue  tends  to  become 
considerably  swollen  by  a  serous  exudation  containing  cells.  The  congestion 
of  the  ea|)illaries,  which  was  so  marked  during  life  in  the  region  round  the 
anthrax  pustule,  disappears  after  excision,  and,  accordingh^  is  hardly  seen 
in  this  preparation.  Diffuse  brownish -red  discolorations  may,  however,  be 
noted,  representing  fairly  extensive  lueniorrhages  into  the  tissues.  Subsequently, 
the  redness  and  swelling  extend,  while  the  necrosis  of  the  tissues,  which  in  the 
preparation  represented  was  hmited  to  the  papillae  of  the  skin,  penetrates  as 
far  as  the  subcutaneous  cellular  tissue.  Diu-ing  this  time  the  general  condition 
may  be  so  little  di8turl>ed  that  the  patients  still  pursue  their  occupations,  or 
slight  pyrexial  disturbances  may  be  present. 

Recovery  may  occur  even  when  this  stage  is  reached,  as  has  been  shown 
by  Larrey,  especially  when  the  malignant  pustule  is  opened  by  incision,  or, 

'  The  tt-nn  (.nrbuucle  -s<?onis  hardly  nuitable,  since  it  is  often  iis«<l  for  similar  circumscribwi 
RffeciionJi  of  the  «kin,  due  to  ]>yogeiiio  organisms. 
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still  better^  has  been  completely  excised  and  cauterised.  This  is  a  proof  that 
lujin  possesses  a  certain  power  of  resistance  to  anthrax,  although  it  cannot  be 
said  to  be  very  great. 

If  the  course  of  the  disease  be  unfavourable,  the  swellings  extend  over 
large  areas  of  the  skin,  Pyrexial  symptoms  set  in  and  death  follows  from 
increasing  exhaustion.  Besides  the  local  changes  at  the  seat  of  the  primary 
infection,  there  are  found  anatomi^jally  in  the  cadaver,  multiple  haemorrhages 
in  various  parts  throughout  the  body,  collections  of  serous  and  sero-hsenior- 
rhagic  fluids  in  the  serous  caWtics,  great  enlargement  of  the  spleen,  cloudy 
swelling  of  the  heart-muscle,  the  liver,  and  kidneys,  and  a  dark,  non-coagulated 
condition  of  tlie  blood. 

Since  the  investigations  of  Pollender  and  BrauelJ,  the  infective  organism 
has  been  known  as  a  comj)aratively  large  bacillus,  from  3*5  to  8  /i  in  length, 
present  in  the  blood  (Fig.  18).  In  the  malignant  pustule,  where  it  was  first 
demonstrated  by  Davaine,  it  appears  partly  as  setjarate  individuals,  jmrtly  in 
short  chains  made  up  of  three  to  four  separate  baciUi  loosely  connected  with  each 


Pto.  18. — BncllluM  anUiracU  frotn 
hones'  blood,  X1500. 
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Fic.  It).— Anthrax  bacUU  eonUiultig 
dporcs,  from  a  i>uit  ctilture,  x  1500. 


Other.  In  the  malignant  ])ustule  tlie  bacillus  can  easily  be  seen,  with  a  high 
power  of  the  microscope,  in  the  contents  of  the  vesicle  and  among  the 
necrotic  tissue,  and  also  in  the  dense  cell  infiltration  throughout  the  entire 
thickness  of  the  corium.  It  is  only  sparsely  present,  it  is  true,  in  all  those 
situations.  It  has  not  been  figured  in  the  illustration  (Plate  III.,  P'ig.  (>),  as 
it  is  only  to  be  recognised  with  a  much  greater  magnification, 

Paat^ur  was  the  first  to  cultivate  the  bacillus  on  artificial  nutrient  media, 
and  did  so  in  neutral  or  slightly  alkaline  urine.  He  thus  observed  that,  in 
a  few  hours  at  budyteraperature,  and  in  a  few  days  at  room- temperature,  long 
threads  composed  of  several  bacilli  grew  out  from  each  bacillus,  within  which 
shining  gnmules  were  developed — the  spores  (Fig,  19).  While  the  anthrax 
bacilli  without  spores  are  quite  able  to  convey  infection,  still  they  are  easily 
destroyed  by  injurious  external  infiuences,  such  as  drying  or  beating  to  100 
C  The  spores,  however,  are  highly  resistant  to  external  influences.  Material 
containing  the  spores  of  anthrax  is  accordingly  a  peculiarly  eflicacious  infective 
agent. 

Aa  long  as  the  malignant  pustule  remains  a  local  affection,  there  are  at  most 
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u  very  few  anthrax  bacilli  iu  the  l>]oo<l.  When  the  number  of  bacilli  circu- 
lating in  the  blood  becomes  raarkedly  increased,  the  disease  assumes  the 
character  of  a  general  infection,  resulting  in  death.  The  bacilli  are  theu 
found  in  the  capillaries  as  well  ms  in  the  tissues  of  nearly  all  the  organs  of 
the  human  body,  the  liver,  spleen,  and  kidney  being  especially  crowded. 
Anthrax  in  man  does  not  always  assume  the  form  jusfc  described.  Even  the 
local  infection  of  the  skin  tloes  not  invariably  develop  as  a  malignant  pustule. 
Instead  of  the  pustule  there  may  be  doughy  awellinga  of  the  skin,  coloured 
yellow  or  greenish  by  scattered,  decolorising  hiemorrhages,  and  of  great  superficial 
extent  (oj-dema  anthracis  malignum).  It  must  be  borne  in  mind,  however, 
that  such  anthrax  tedewa  may  also  occur  when  the  primary  infection  has 
taken  place  through  the  intestinal  mucous  membrane. 

In  the  last  case,  anfhni^  intesHtMlL^^  the  mucous  membrane  of  the  stomach 
and  intestines  is  greatly  swollen  and  infiltrated  by  hjemorrhages.  These 
mucous  membranes  show,  at  the  same  time,  nodular  hsemorrhagic  swellings  as 
large  as  a  linseed  or  a  pea,  sometimes  larger,  in  the  centre  of  some  of  which 
superficial  or  deep  necrotic  disintegration  of  the  tissue  may  be  seen.  The  lymph- 
glands  in  the  neighbourhood  are  usually  much  swollen  and  infiltrated  with 
hiemorrhages. 

When  the  disease  results  from  the  inhalation  of  thist  containing  spores 
(wool -sorters'  or  rag-pickers'  disease),  hremorrhagic  infiltrations  are  found  in 
the  lungs  and  sero-hajmorrhagic  effusions  in  the  pleural  cavities. 

The  anthrax  bacillus  is  a  distinctly  a?robic  schizomycete.  Its  need  of 
oxygen  is  manifested  by  the  fact  that,  after  the  onset  of  general  infection, 
it  multiplies  chiefly  in  the  circulating  blood.  It  penetrates  the  tissues  also, 
since  these  are  never  quite  devoid  of  oxygen.  It  further  shows  itself  cap- 
able, to  a  certain  degree,  of  a  variation  of  Us  physiological  and  jxithological 
properties.  Cultures  of  anthra.x  ha\'e  been  obtained  which  could  no  longer 
form  spores.  Pasteur  has  shown  further  that  the  virulence  of  the  anthrax 
bacillus  can  be  modJfit'd  to  such  a  degree  by  changes  in  the  external  conditions 
of  its  growth,  cultivation  for  a  few  days  at  43*  C.  for  instance,  that  it  then 
becomt'S  available  for  protective  inocidations. 

Koch  has  pointed  out  that  anthrax  bacilli  can  also  multiply  and  develop 
naturally  under  siiitalde  external  conditions.  It  is,  however,  an  interesting, 
although  as  yet  undecided  question,  whether  they  can  originate  from  ordinary 
putrefactive  bacteria  by  variations  in  their  external  conditions.  Buchticr  has 
attempted  to  generate  the  anthrax  bacillus  from  the  bacillus  subtilis  of  Cohn 
by  variations  in  the  nutrient  media.  The  bacillus  subtilis,  or  hay  bacillus,  is 
very  commonly  present  in  the  usual  hay  infu.sion.  Its  spores,  like  those  of  the 
anthrax  bacillus,  are  not  killed  by  a  temperature  of  100'  C,  and  the  external 
appearance  of  the  hay  bacillus  lias  a  certain  resemblance  to  that  of  antlirax. 
It  is,  therefore,  quite  conceivable  that  the  innocuous  hay  bacillus  might  be 
cidtivated  under  special  external  conditions  into  the  distinctly  pathogenic 
bacillus  anthracis.  This  part  of  Buchner's  investigations  requires  further  proof, 
however,  while  the  demonstration  of  the  variability  of  the  anthrax  bacillus, 
which  he  was  the  first  to  carry  out,  has  been  fully  confirmed  by  the  experi- 
ments of  Pasteur  and  li.  Koch. 
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IS.  Ba.cillus  Mallei 

Glanders  (malleus,  lualiasmus,  farcy)  is,  like  anthrax,  a  microorganisraal 
disease  which  occasionally  extends  to  man.  It  affects  the  horse  chiefly.  The 
method  of  transmission  of  the  poison  cannot,  as  a  rule,  be  certainly  proved,  but 
contact  va\\\  other  horses  affect*;d  with  glanders,  or  occupation  of  an  infectetl  stall, 
is  generally  the  means  of  infection.  Tlie  disease  attacks  various  organs  in  the 
horse.  Violent  catarrh  of  the  nasal  mucous  memhrane,  M'ith  a  secretion,  at 
first  clear,  then  turbid,  viscid,  and  purifomi,  ha.s  fre- 
quently been  observed.  Simultaneously  small  nodular 
new  formations,  rich  in  lymphoid  cells,  are  formed  in 
the  nasal  mucous  membrane,  especially  in  the  liigher 
portions  which  are  less  easily  accessible  from  without. 
These  break  down  and  become  transformed  into  small 
ulcers  with  somewhat  elevated  walls  and  a  dirty  white 
floor,  the  result  of  the  superficial  disintegration  of  the 
newly  formed  tissue  masses.  The  small  ulcers  may 
coalesce  and  form  large  ulcerated  surfaces.  The  mucous 
memhrane  is  often  greatly  swollen  and  redrlened  by  a 
more  diffuse  now  formation  of  small -celled  tissue. 
Extensive  eoagula  are  frequently  foiuid  in  the  venous 
plexuses  and  the  lymph-vessels  of  the  nasal  mucous  membrane. 

Similar  change.^,  though  less  extensive,  as  a  rule,  are  ob8er\'ed  in  the 
mucous  membrane  of  the  trachea  and  larynx.  The  hmga,  also,  are  frequently 
the  seat  of  cellular  infiltrations  which  tend  to  break  down.  These  infiltra- 
tions form  either  circumscribed  nodular  foci  or  more  difl'uso  affections  of  large 
areas  of  the  lungs.  Glanders  nodules,  lastly,  are  occasionally  found  in  the 
spleen,  liver,  kidneys,  and  testicle,  and  especially  in  the  subcutaneous  con- 
nective tissue  and  the  muscles  (glanders  of  the  akin  and  farcy).  The  nodules 
in  the  subcutaneoua  tissues  and  muscles  frequently  undergo  softening,  like 
suppuration,  and,  when  they  break  through  the  skin,  give  rise  to  the  ulcers  of 
glanders. 

Glanders  in  man  is  comparatively  rare.  It  generally  attacks  those  who 
work  among  horses.  The  morbid  appearances  in  man  agree  in  many  points 
with  those  seen  in  horses  afiected  with  glanders,  but  the  nodules  frequently 
assume  more  of  a  luemorrhagic  or  suppurative  character,  so  that  the  disease 
is  easily  confused  with  pyaemia.  Tiiis  applies  especiidly  to  glanders  nodules 
in  the  skin  and  muscles.  On  the  former  they  frequently  form  pustules,  with 
contents  resembling  pus,  which  nipture  and  go  on  to  form  small  glanders 
ulcers  with  a  dirty  white  floor  surrounded  by  a  bright  red  margin.  The 
glanders  nodules  of  the  bmgs  may,  on  the  other  hand,  be  confused  with  caseous 
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tubercular  foci,  as  Virchow  pointed  out.  At  the  same  time,  the  spleen  usually 
appears  enlarged,  the  spleen  pulp  dark  red,  soft,  and  friable.  Liver  and 
kidneys  show  marked  cloudy  swelling  and  sometimes  fatty  degeneration. 

The  infective  agent  in  glanders,  the  bacillus  mallei,  was  first  accurately 
described  by  Loffler  and  Schtitz  and  obtained  from  pure  cultures.  It  is  a  small 
rod-shaped  structure  I  to  3  /i  in  length.  It  forms  characteristic  colonies,  on 
slices  of  boiled  potato  especially,  in  the  form  of  light  yellow  flat  patches  and 
crusts.  Next  to  the  horse  the  guinea-pig  is  especially  suited  for. further  inocula- 
tion. In  the  latter,  suppuration  and  ulceration  take  place  at  the  site  of  inocula- 
tion, with  swelling  of  tlio  neighbouring  lymphatic  glands.  Infiltrations  in  the 
longs,  afi'ections  of  the  joints,  and  nodular  foci  of  disease  in  other  internal  organs 
occur  later. 
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14.  Typhoid  Bacillua  ' 

Typhoid  fever  is  an  acute  infectious  disease,  confined  exclusively  to  man.  Xiit^v 
a  prodromal  stage  of  five  to  ten  days,  distinguished  by  indefinite  general  malaise, 
pains  in  the  limbs  and  headache,  the  temperature  begins  to 
rise  graduall}^  and  a  pyrexial  disease  of  a  few,  generally 
four,  weeks'  duration  is  developed.  From  the  middle  of 
the  third  week  onwards  the  temperature  begins  to  fall 
again,  while,  at  the  same  time,  its  periodical  daily  variations 
become  much  greater  than  normal.  These  disturbances  of 
function  which  present  many  variations  in  individual  cases, 
correspond  to  morbid  changes  in  the  organs  which  ai'e 
usually  very  characteristic  —  great  enlargement  of  the 
spleen*  more  or  less  well-marked  cloudj  swelling  of  the 
heart-muscle,  the  liver,  and  kidneys,  marked  swelling  of 
the  lymphatic  follicles  and  Peyer's  patches  going  on  to 
ulceration,  and  swelling  of  the  mesenteric  lymph-glands, 

Klebs,  Eberth,  Koch,  and  Gafl'ky  have  identified  what 
is  in  all  probability  the  cause  of  this  disease,  as  a  small, 
fairly  thick  bacillus,  about  1'5  to  2-5  /i  in  length,  and  provided  with  several 
dftgella.  It  is  found  not  onl}^  in  the  swollen  lymphatic  tissue  of  the  intestine 
and  mesentery  and  in  the  contents  of  the  intestine,  but  also  in  the  spleen, 
the  liver,  and  other  organs,  and  even  in  the  blood.  More  minute  investigations 
by  those  authors,  as  well  a.s  by  Frankel  and  Simmond,  Seitz  and  other.s,  have 
demonstrated  that  this  bacillus  is  invariably  jiresent  in  typhoitl,  whereas  it  is 
absent  in  healthy  persons.  It  is  chiefly  on  the  strength  of  the  histological  ex- 
amination that  this  bacillus  is  supposed  to  be  the  cause  of  t^^phoid,  since  it 
has  not  as  yet  been  possible  to  produce  typhoid  exf>erimentaily  in  animals. 

The  typhoid  bacillus  may  be  cultivated  pure  at  room-temperature  as  well  as 
at  that  of  the  body.  It  shows  itself  to  l>e  an  .'erobic  schizomycete  which 
can  develop,  however,  in  the  absence  of  free  oxygen.  This  agrees  with  the 
fact  tliat  the  abdominal  contents  contain  little  or  no  free  oxygen.  On  the 
surface  of  nutrient  gelatine  it  forms  flat,  extensive,  gray-white  colonies;  on 
agar  and  coagulated  blood -serum,  as  well  as  on  sterilised  potato,  it  forms  a 
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Fio.  21.— Typhoid  b«nU 
luM  fnun  a  mHAfsntsrlr 
lymph  gland.  JSUiiietl 
with  carbcil  -  fochslii. 
DlfTeirpritiaUHl  by  1 
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delicate  white  crust.  It  thmes  extremely  well  in  sterilised  milk,  in  which  it 
causes  no  striking  change  (Wolffhiigel,  Ktedel).  Sometimes,  if  developed  at 
body -temperature,  the  typhoid  bacillus  forms  at  its  poles  shining  granules 
which  Gatfky  has  claimed  to  he  spores. 

Briegcr  has  demonstrated  that  this  schizomycete  develops  a  poisonous 
ptomaine  in  tho  medium  in  which  it  grows^  which  has  the  power  of  killing 
animals  experimented  upon — a  fact  of  great  importance  for  the  theory  of  this 
disease.  Pettenkofer's  researches  show  that  man  is  infected  in  most  cases  by 
contaminated  drinking  water,  whereas  it  is  only  in  a  small  proportion  of 
cases  that  infection  can  take  place  through  the  air.  It  is  important,  therefore, 
to  le^rn  that  the  dejecta  uf  tj^phoid  patients  contain  many  bacilli^  and  that 
those  may  preserve  their  vitality  in  running  water,  spring  watcr^  or  conducted 
water.  Wolffhiigcl  and  Riedel  were  able  to  demonstrate  that  they  multiplied 
to  some  extent  in  ortlinary  water. 
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16.  Bacillus  DipiitbenjQ 

Since  the  beginning  of  the  century  a  very  dangerous  and  highly  infectious 
disease  of  the  organs  of  the  throat  and  pharynx  has  been  known  in  Europe, 
called,  by  Br^touneau,  diphtheria.  The  disease  runs  its  course  with  slight  or  coji- 
siderable,  sometimes  very  considerable,  pyrexial  rises  of  temperature,  associated 
with  more  or  less  characteristic  changes  on  the  mucous  membrane  of  the 
pharynx  and  larynx,  sometimes  extending  to  the  mucous  membrane  of  the 
bronchi,  the  iiasal  cavities,  the  conjunctiva),  and  less  frequently  to  the  stomach. 
Where  these  mucous  niembmuea  are  covered  with  cylindrical  epithelium,  a 
separable  membrane  is  formed  on  the  surface  of  the  mucous  membrane  in 
charactfristic  cases,  consisting  chiefly  of  fibrin,  which  dissolves  the  greater  part 
of  the  cylindrical  epithelial  coat,  and  afterwards,  as  a  rule,  is  converted  into 
homogeneous  hyaline  masses.  This  condition  is  termed  croup  (croup-mem- 
brane) by  pathologists,  even  when  it  is  due  to  other  causes.  In  other 
caseSj  most  frequently  in  those  parts  where  the  mucous  membraties  are  covered 
with  sc|uamou3  epithelium,  an  extensive  fibrinous  exndation  takes  place  into  the 
spaces  of  the  connective  tissue  of  the  mucous  membrane,  followed  by  local 
necrosis  and  sloughing  of  the  affected  parts,  this  condition  being  termed 
diphtheria  by  pathologists.  Inasmuch,  however,  as  the  same  anatomical 
changes,  generally  termed  diphtheritic,  occiar  on  other  mucous  membranes  as 
the  result  of  toxic  and  infective  actions  of  other  kinds,  the  name  diphtheria 
seems  scarcely  appropriate  to  the  specific  disease  of  the  organs  of  the  throat 
here  described,  so  that  another  name  seems  desirable.  I  therefore  will  call  it 
angina  maliguit. 

If  we  adopt  this  term,  angina  maligna  is  a  specific,  pyrexial  disease  which 
gives  rise  to  the  histologicjil  changes  of  croup  and  diphtheria  in  the  mucous 
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membranes  of  the  pharynx,  larynic,  trachea,  and  bronchi,  as  well  as  on  iieigli- 
bouring  mucous  membranes.  It  sometimes  apparently  causes  catarrhal  irritation 
only.  After  the  termination  of  the  acut«  stage,  motor  paralyses  not  infre- 
quently occur  in  the  mnsclea  of  the  organs  of  the  throat  and  pharynx,  and 
occiisionally  extend  to  otiier  groups  of  muscles. 

As  a  rule,  this  disease  is  held  to  be  directly  contagious  from  pei'son  to 
person.  Klebs's  researches,  however,  have  made  it  probtible  that  the  infective 
agents  frequently  cling  to  household  furniture  and  clothes,  and  are  further 
distributed  by  dusting  and  svee]>ing. 

Kiebs,  and  subsequently  Loffler,  described  the  infective  agent  as  small  bacilli 
which  might  frequently  be  demonstrated  in  the  croupous  or  diphtheritic  meni- 
brane«,  and  which  were  cultivated  pure  by  Lufller.  These  bacilli  appear  as 
non-motile  rods,  from  3  to  6  /x  in  length,  slightly  curved.  They  sometimes  contain 
small  rounded  gi'anules^  at  the  poles  especially,  which  were  regarded  as  spores 
by  Lijffler.  They  stain  most  readily  with  Loffler's  alkaline  methylene  blue  solution 
(30  ccm.  methylene  blue  in  alcohol  to  100  ccro.  caustic  potash  in  water,  1 
in  10,0U0).  For  their  culture  a  suitable  mixture  is  three  parts  sheep 
or  calf  blood-serum  with  one  part  neutralised  veal-broth,  to  which  has  been 
added  1  per  cent  peptone,  1  per  cent  grape-sugar,  and  \  per  cent  common 
salt.  After  inoculatiun  with  pieces  of  croupous  or  diphtheritic  membrane  which 
have  been  triturated  in  water,  small,  white,  round  colonies  form  at  a  tera])era- 
lure  of  37'  C.  Fliigge  succeeded  in  growing  them  on  plates  of  meat-broth 
with  peptone  and  agar.  There  is  no  doubt  tliat  these  schizomycetes  are  in- 
variably present  in  the  deep,  and  sometimes  in  the  superiictal,  layers  of  the 
croupous  and  diphtheritic  membranes  in  angina  maligna.  They  also  api»ear 
frequently  in  the.  mouths  of  healthy  individuals,  however,  so  that  their  patho- 
genic inqjortance  has  been  doubted.  Pure  cultures,  inoculated  subcutaneously 
in  animals  (guinea-pigs),  certainly  caused  fatal  diseases,  but  these  had  none  of 
the  characteristics  of  angina  mfdigna.  It  was  only  by  direct  inoculation  into 
the  injured  mucous  membmne  of  the  trachea  that  croupous  raembr;ines  could  be 
produced  in  the  animals  experimented  upon.  This  result,  however,  is  not  con- 
ckisivoj  as  crou|>ous  diseases  of  the  mucous  membrjues  are  observed  in  man 
also  which  have  no  etiological  comiection  with  angina  mahgna. 
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16.  PneumobacUlns  Friedliuideri 

This  schizomycete  (Plate  IL,  Fig.  #')  appears  as  a  thick  short  I'od  in  which 
indications  of  transverse  division  can  sometimes  be  seen.  This  also  exi)laius 
the  presence  of  short  oval  structures  {the  lancet-shaped  variety  sometime.s 
observed  is  less  easily  explained).  As  a  rule,  several  such  separate  members, 
often  of  unequal  length,  are  united  in  chains  of  thi'ce  to  four  joints,  and  these 
are  surrounded  by  a  common  glia  capsule. 
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The  glia  capsule  13  soluble  in  water — a  fact  which  must  1>6  remembered 
in  staining.  Dried  cover-glass  preparations,  prepared  by  passing  them  three 
times  through  a  flame  in  order  to  coagulate  the  albumen,  are  most  suitable  for 
.staining  purposes.  These  are  stained  in  a  solution  of  gentian-Wolet  in  aniline 
oil  water  They  may  be  examined  in  Canada  balsam  after  hav-ing  been  washetl 
in  absolute  alcohol  Sections  of  the  lungs  are  better  if  treated,  according  to 
Fnedlander's  instructions,  with  acid  gentian -violet  solution  (cone,  alcoholic 
gentian- violet  solution  50  vol.,  aq.  destill.  100  vol,  glac.  acetic  acid  10  vol.  ; 
decolorise  in  O'l  per  cent  acetic  acid).  In  puncture  cultures  in  gelatine  and 
agar  a  white  line  forms  round  the  needle  tracks  while  at  the  place  of  entrance 
of  the  needle  the  culture  swells  up  like  a  button,  so  that  tie  whole  ^owth 
resembles  a  nail  The  gelatine  is  not  liquefied  The  bacillus  thrives  in 
coagulated  blood-serum  and  on  potato.     It  sometimes  forms  gas  bubbles. 

Friedlander  first  found  this  bacillus  in  the  lungs  in  croupous  pneumonia, 
but  its  presence  in  this  disease  is  not  at  all  constant ;  it  has  been  observed  too 
that  it  is  sometimes  present  in  healthy  and  diseased  mucous  membranes  and 
in  the  mouth.  When  injected  into  the  lungs  it  causes  pneumonic  changes  in 
mice  and  guinea-pigs  ;  and  inhalation  of  a  spray  of  the  cultures  may  also 
produce  similar  diseases  in  the  mouse.  It  is  doubtful  if  this  schizoraycete  is 
pathogenic  in  man.  At  most  ouly  a  trifling  percentage  of  the  croupous  pneu- 
monias in  man  can  be  caused  by  it 
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17.  Bacillus  Tuberculosia 

Tuberculosis  is  a  disease  which,  after  malaria,  is  the  most  widely  distributed, 
and,  in  Europe  at  least,  the  most  common  of  all  diseases.  The  first  e\ndence 
of  any  importance  concerning  its  infectious  nature  was  furnished  by  \'illemin 
in  the  year  1865.  He  inoculated  animals  with  small  portions  of  tissue  from 
human  tubercular  organs,  and  by  this  means  produced  typical  inoculatory 
tuberculosis,  from  which  fact  he  concluded  that  tuljcrculosis  was  a  specific, 
infective  disease.  This  theory  was  strongly  opposed  by  Waldenhiirgh,  Cohnheim, 
and  Friinkel  who  tried  to  prove  that  inoculated  tuberculosis  might  also  be 
produced  in  animals  if  any  foreign  body,  cork,  pieces  of  paper,  etc.,  were 
inserted  under  the  skin.  This  objection  has  not  held  good,  however.  It 
was  proved  that  in  inoculation  with  non-tubercular  material,  local  diseased  foci 
and  even  metastatic  abscesses  and  suppuration  were  induced,  but  well-marked 
tuberculosis  appeared  only  in  a  small  projwrtion  of  the  cases. 

These  variations  in  the  results  induced  Cohnheim  and  Salomonsen  to 
repeat  the  ex[>eriraentB.  By  taking  great  care  to  avoid  all  impurity  in  the 
inoculating  mateml,  they  ascertained  that  inoculations  produced  tuberculosis 
only  when  made  with  inoculating  material  taken  from  tubercular  subjects, 
whereas  inoculation  with  any  other  material  caused  no  tuberculosis.  Cohnheim 
thus  filled  up  a  great  and,  as  has  been  remarked,  an  important  defect  in 
Villemin's  experimental  researches,  and  was  really  the  first  to  prove  the  correct- 
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s  of  Villemin's  doctrine.  Cohnheim  himself  attributed  the  conflicting  results 
in  his  earlier  iiivestigation  to  accidental  conLimination  with  tubercular  virus  of 
inoculating  material  which  wavS  otherwise  inert — a  contamination  which  it  had 
not  heen  previously  possible  to  avoid,  owing  to  the  very  limited  space  of  the 
Berlin  Pathological  Institute. 

Koch's  investigations:,  however,  were  the  first  to  explain  the  question  of 
tnljerculosis  in  its  essential  points.  He  showed  that  the  infective  agent  in 
tubercular  foci  in  man  is  a  small  bacillus,  at  that  time  very  difficult  to  8tain» 
learned  how  to  produce  this  bacillus  in  pnre  cultures,  and  demonstrated  that 
tuberculosis  might  bo  caused  in  animals  by  inoculation  with  this  pure  culture. 
Almost  simultaneously,  Baumgarten  also  discovered  the  same  bacillus  in  tuber- 
cular foci  in  man,  and  afterwards  traced  the  histogenesis  of  tubercle  in  detail. 

Tlie  tubercle  bacillus  (Plate  III.,  Fig.  r,  >:  1500)  appeal's  as  a  small  slender 
rod,  freifueutly  someivhat  bent,  from  3  to  4  /t  in  length.  It  can  be  most  easily 
demonstrated  in  dried  cover-glass  preparations  or  sections  of  tissue  by  the 
staining  methods  of  Ehrlich  and  Ziehl-Neelsen. 


Ehrlich  prepares  a  saturated  solution  of  aitilitie  oil  in  water  by  thoroughly  shaking  ttp 
distilled  w.-iter  with  an  excess  of  aniline  oil.  The  turhid  solution  is  passed  through  a  filter, 
previously  moistened  with  distilled  water,  so  that  the  filtrate  nins  off  clear  as  water.  Tlio 
filtrate  is  then  ruLxud  with  some  drops  of  a  couceutmted  solution  of  fuchsin  or  methyl-violet 
in  absolate  alouhol  until  the  coloured  fluid  "easily  becomes  ofialescent  after  being  itltaken  up. 
In  thi-  preparation  of  this  aniliue-water  staining  solution,  care  moat  be  taken  that  the  alcoholic 
fuchsin  or  incthyl-violet  solution  used  be  almost  saturated.  It  is  only  when  the  staining  solu- 
tion is  concentrated  that  it  produces  &a  opAleaccnce  wlien  added  in  excess  to  aniline- water. 
If  the  fnchsin  or  methyl-violet  solutions  have  too  luudi  alcohol,  their  mixture  with  the  anilint- 
watcr  will  contain  too  much  alcohol  also,  and  in  thiii  cose  will  never  become  opalescent,  even 
if  ever  so  large  *iuantities  of  alcoholic  fuchsin  or  methyl-violet  solution  bo  added  to  the  anilinv- 
water.  The  result'?  of  staining  with  such  a  lluid  are  very  uncertain.  The  dried  cover-glass 
Itreparations,  which  are  paaaod  three  times  rapidly  through  the  flame  of  a  apiritlamp  or  Bunsen 
burner,  remain  in  the  aniline-water  staining  solution  for  some  minutes  or,  better,  for  half  an 
hour.  They  are  then  washed  rapidly  vi  ith  water  and  dip[)e(i  for  some  momenta  into  a  mixture 
of  1  vol.  official  pure  concentrated  nitric  acitl  with  4-f»  vola.  distilled  water.  The  jireporations 
are  completely  decolorised  thereby.  They  aro  then  washed  again  in  fresh  wuter.  They  may 
then  be  placed  in  a  >vatery  solntion  of  methyleoe  blue  or  ve^uviu  for  Home  moments,  and  after 
being  aguiu  washed  in  water,  may  l>e  examined  directly  in  water.  It  \»  better  to  dry  the  cover- 
glass  once  more  and  mount  it  in  a  drop  of  Canada  balsam  in  xylol. 

Section-4  are  somewhat  more  difficult  to  stain.  It  is  best  to  leave  th^m  for  twelve  to  twenty- 
four  hours  in  the  »ntHne- water  staining  solution.  They  are  then  rapidly  dehydrated  with  alcohol 
and  mounted  in  Canada  balsam  in  xylol,  after  similar  treatment  with  nitric  acid  and  counter- 
tjtaining  with  methylene  blue  or  vesuvin. 

By  these  methods  the  bacilli  stand  oul  in  the  red  colour  of  the  fuchsin  or  in  the  colour  of 
the  metliyl-violot  and  contrast  >sharjily  with  the  surrounding  partB  which  are  staitinHi  wiili 
the  methylene  blue  or  vesuvin.  The  method  \s  very  reliable  and  ba^  bveu  very  fret|uenllv 
tested.     1 1  stains  only  the  tubercle  bacilluH  and  the  bacillus  of  lejira. 

The  Ziehl-Neelsen  method  is  somewhat  more  cwuvenient,  especially  us  the  prejjared  staining 
solution  may  be  preserved  unaltered  for  a  long  time.  Tliis  is  of  special  importance  to  physicians 
|Atid  institiitionfl  where  such  investigations  aro  retpiired  tiaily.  Many  physicians,  however,  who 
.  Ilave  acquired  the  requisite  facility,  but  who  only  undertake  such  investigations  at  long 
intervals,  hud  it  more  suitable  to  provide  themselves  with  the  concentrated  alcoholic  solution 
of  fuchsin  which  remains  for  years  unaltered,  and  the  aniline  oil  which  may  be  bought 
nywhcre,  so  that  when  a  case  requires  it,  they  may  prei)are  a  perfectly  fresh  aniline-water 
aining  solution  ;  thi^,  according  to  Ehrlich,  may  be  done  in  a  few  minutes.  In  this  way  they 
do  not  need  to  trouble  with  the  length  of  time  that  the  solution  kee[>s  good.  It  most  always 
be  remembered,  however,  that  some  kinds  of  fuchsin  are  sold  which  are  not  suitable  for  this 
pnqiosp. 
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The  stainiDg  fluid  of  Ziehl  and  Neelsen  is  a  filtered  solution  of  5  g.  carbolic  acid  aud  1  g. 
fuchsin  in  100  g.  diatilled  water.  The  mode  of  using  it  is  exactly  the  same  as  with  the 
aniline- water  staining  solation,  but  5  j»6r  cent  sulphuric  acid  ia  uaed  for  decolorising,  with 
which  a  little  (2  per  cent)  methylene  blue  for  counter-ataining  may  he  directly  mixed. 

By  the  aid  of  tliese  methods  it  is  possible  to  find  tubercle  bacilli,  not 
onJy  in  the  sjjutum  from  tubercular  lungs,  but  in  all  ttibercular  organs  in 
greater  or  less  numbers.  It  has  been  observed  that  the  bacilli  are  marked  at 
intervals  by  quite  colourless  parts.  These  interruptions  have  been  regarded  as 
a  forra  of  spore  information  (R,  Koch). 

For  pure  cultivation  of  the  bacilli,  Koch  recommends  coagulated,  sterilised 
blood -serum.  Lately,  however,  cultivation  on  agar  media  to  which  a  large 
quantity  of  glycerine  has  been  added  has  proved  successful,  and  this  metiiod 
seems  preferable. 

The  tubercle  bacilli  thrive  only  at  a  temperature  between  30*  and  40°  C,  best 
at  37 '5  '  C.  Ten  to  twelve  days  after  inoculation  the  first  appearance  of  growth 
ia  observed  as  fine,  punctiform,  clouded  parts  in  the  nutrient  medium.  These 
gradually  increase  in  size  aiid  in  the  course  of  a  fortnight  form  characteristic 
colonies  on  the  surface  of  the  blood-serum,  which  appear  as  small,  dry,  white 
scales,  2  to  3  mm.  in  diameter. 

For  the  most  accurate  information  concerning  the  histogenesis  of  tubercular 
foci  we  are  indebted  to  Bauragarten.  He  showed  by  experiments  on  animals 
that  the  tubercle  bacilli,  which  have  invaded  the  tissues,  first  multiply  and 
then  stimulate  tlie  fixed  tissue  cells,  both  of  epithelial  and  connective  tissue  origin, 
to  division.  In  this  way,  small,  rounded  foci  are  formed,  of  the  size  of  a  millet 
seed  or  pin's  head,  consisting  of  comparatively  large  nucleated  cells.  These  last 
have  been  generally  termed  epithelioid  cells  on  account  of  their  resemblance  to 
epithelial  cells.  When  the  epitlielioid  cells  have  developed  in  connective  tissue 
line  fibrillie  are  found  l.>etween  them.  These  are  derived  from  the  bundles  of 
fibrilhe  of  the  connective  tissue  which  have  been  split  up  into  their  elements. 
Later,  reactive  phenomena  on  the  part  of  the  neiglibouring  blood-vessels  are 
iissociated  with  this  new  formation  of  tissue.  It  must  be  assumed  that  the 
tubercle  bacilli  also  generate  i>oi8onous  metabolic  products  during  their  develof> 
ment  in  the  tissues  of  the  living  body,  which  diffuse  in  the  neighbotirhood  and 
act  as  an  irritant  on  the  vessels,  causing  exudation  from  them.  At  any  rate,  the 
diseased  area  is  now  crowded  witli  white  blood  corpuscles  from  the  vessels  which 
mingle  in  small  or  large  nundiers  with  the  epithelioid  cells. 

This  view  has  been  confirmed  by  the  results  of  experiments  made  with 
tuberculin.  As  is  well  known,  Koch  ])reparcd  a  yellowish  fluid,  tuberculin,  from 
pure  cultures  of  tubercle  bacilli.  When  injected  under  the  skin  in  healthy 
and  diseased  persons,  this  fluid  generally  caused  a  rise  of  temperature.  In 
tubercular  subjects  even  very  small  doses  were  iLsually  sufficient  to  give  rise  to 
a  high  degiee  of  pyrexia.  Tuberculin  was  therefore  often  used,  with  the 
beat  results,  for  the  diagnosis  of  tubercular  lesions  which  were  situated  deeply 
within  the  body  and  inaccessible  to  other  methods  of  investigation.  Besides 
this  general  action,  tuberculin  ako  exerts  a  local  action  on  tubercular  lesions, 
which  is  of  great  interest,  and  which  haf5  al.<30  been  made  use  of  therapeutically. 
This  is  not  the  place,  however,  to  enter  more  minutely  on  the  last  point. 
In  tubercular  lesions  of  the  skin  (lupus)  u  violent  reaction  follows  subcutaneous 
injections  of  tuberculin,  even  when  the  injection  is  made  at  a  distance  from 
the  tubercular  area.  The  tubercular  lesion  Womes  red,  owing  to  great  conges- 
lion  of  the  blood-vessels,  swells  uj),  and  any  pre-existing  ulceratetl  tubercular  sur- 
faces begin  to  discharge  large  quantities  of  exudation,  which  dry  up  into  brownish 
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crusts.  After  some  time  these  conditions  disappear,  and  not  iiifre<iuently 
a  liealthy  ulcerating  surface  is  left,  which  niaj^  heal  with  great  rapidity,  although 
the  healing  is  seldom  permanent.  In  autopsies  on  tubercular  subjects  that 
have  been  previously  injected  with  tuberculin,  conditions  which  jioint  to 
similar  local  reactions  are  also  found  in  tubercular  cavities  of  the  lungs  and  in 
tubercnlur  ulcers  of  the  intefitine. 

These  local  reactions  which  take  place  in  tubercular  lesions  after  tJie 
tuberculin  has  been  absorbed  by  the  general  lymphatic  system,  justify,  as  has 
already  been  mentioned,  the  assumption  that  the  metabolic  products  which  the 
tubercle  bacilli  form  in  the  infected  areas  in  man  and  animals  exert  an  irritating 
action  on  the  blood-vessels  and  cause  the  appearance  of  exudation  with  emigration 
of  white  corpuscles  from  the  vessels.  If  the  results  of  the  experiments  described 
above  be  carefully  examined,  tbe  local  actions  of  the  invading  tubercle  bacilli 
may  be  divided  into  reactive  new  formation  of  tisswe  and  reactive  circulatory 
disturbance^  These  together  lead,  as  a  rule,  to  the  formation  of  small  nodules, 
seldom  larger  than  a  millet  seed,  which  are  distinguished  by  the  large  number 
of  cells  they  contain  and  are  called  miliani  tuhtrchs.  In  other  cases  the  foci  of 
disease  are  of  greater  extent,  as,  for  instance,  in  the  lungs,  where  not  infre- 
quently whole  lobules  are  atl'ected  simidtaneously.  This,  of  course,  ia  duo 
to  the  special  peculiarity  of  the  structure  of  the  lungs,  and  can  therefore  only 
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be  described  under  pulmonary  diseases.     Miliary  tubercle*   however,  and  the 
account  of  its  development  in  man  must  be  carefully  considered  here. 

Tuberculosis  of  the  skin,  lupiu^  may  \m  dealt  with  first,  as  its  tubercular 
oatore  has  been  placed  beyond  doubt  by  the  researches  of  Bizzozero  and 
FriedliLnder.  As  was  first  fully  described  by  E.  Lang  and  myself  simultaneously 
many  years  ago,  the  disease  begins  with  the  appearance  of  numerous  lymphoid 
cells  in  the  immediate  neighbourhood  of  the  small  blood-vessels  of  the  skiu. 
If  cells  are  met  with  in  the  tissues  correspondinfi;  in  every  respect  with  the 
white  cells  of  the  blootl  and  lymph,  they  may  bo  teriDod  hjmphoid  cells  without 
any  hypothesis  as  to  their  origin  (see  Fig.  22).  In  the  vicinity  of  the  small 
blood-vessels  of  the  skin,  in  this  case,  it  is  chiefly  the  small  uni-nucleated 
lymphoid  cells  which  are  seen  {Fig.  23).  They  form  a  network  of  processes 
and  columns  of  varying  breadth  corresponding  to  the  branches  of  the  blood- 
vessels of  the  skin.  In  these  processes  the  lymphoid  cells  occur  first  singly, 
and  then  united  into  small  groups  of  large  cells,  whicli  have  more  protoplasm, 
and  therefore  resemli)le  certain  epithelia.  These  are  epiihiiiokl  cells  and  are  un- 
doubtedly derived  from  connective  tissue  (Fig.  24).  The  groups  of  epithelioid 
cells  subsequently  increase  in  size,  and  in  them  there  are  found  varying 
numbers  of  certain  larger  cells  distinguished  by  the  presence  of  many  nuclei 
and  called  ijiaid  cdh  (Fig.  25). 
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In  these  stages  multi-nucleated  IjTnphoid  cells  which  perhaj^s  have  emigrated 
from  neighbouring  blood-vessels  may  also  he  recognised  between  the  epithelioid 
cells.  Subsequently,  as  a  rule,  a  pecaliar  degeneration  of  the  group  of  cells 
takes  place,  by  which  it  is  converted  into  a  finely  granular  mass  which,  macro- 
scopically  and  microscopically,  resembles  ordinary  cheese  (caseation). 

As  regards  the  origin  of  all  these  varieties  of  cells  some  poiots  are  still 
unsettled.  It  can  hardly  be  doubted,  however,  after  Baumgarten's  researches, 
that  the  epithelioid  cells  produced  in  tuberculosis  of  organs  containing  con- 
nective tissue,  are  directly  derived  from  fixed  connective  tissue  cells.  In  the 
youngest  cellular  processes  of  lupus,  too,  which  are  forming  round  the  blood- 
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Via.  24,— Epithelioid  cells  from  a  lupua  noflule, 
xlM)0. 


FiQ,  2fi.— Giant  cells,    a,  tmm  lupus ',  h,  frotu  milkry 
tuberclo  of  the  1 1 ver.    y  &00. 


vessels  of  the  skin,  it  is  chiefly  the  young  non-ljTnphoid  forms  of  cells  that  are 
found,  often  showing  indirect  nuclear  division  (Fig.  26),  and  which  may  jier- 
fectly  well  be  derived  from  the  fixed  connective  tissue  cells,  by  means  of  cell- 
division.  On  the  other  hand,  the  investigations  of  Gaiile  and  J.  Arnold  show 
that,  in  tubercular  disease  of  organs  containing  epithelium,  the  epithelial  cells 
also  begin  to  proliferate  and  may  yield  epithelioid  and  giant  cells. 

If  large  thin  sections  be  i>rei*ared  from  the   margin  of  a  growing  lupus 

nodule,  the  conditions  found  there  take  the 
form,  speaking  broadly,  of  a  large  number  of 
perivascular  strands  of  cells,  consisting  chiefly  of 
lymphoid  cells  (Fig.  27).  Among  these  cellular 
processes  there  is  to  be  seen,  at  «,  a  very  small 
group  of  epithelioid  cells,  while  at  other  parts 
the  strands  of  lymphoid  cells  run  together  and 
enclose  a  number  of  rounded  groups,  atwut  the 
size  of  a  millet  seed,  consisting  of  epithelioid 
and  giant  cells  (Fig,  27,  6).  Each  of  these 
rounded  groups,  with  its  investment  of  lymphoid  cells,  corresponds  to  a  iniJiary 
iubercU.  (It  is  termed  miliary  because  a  millet  seed  (milium)  gives  an  idea, 
though  certainly  somewhat  vague,  of  the  size  of  such  a  cell-group.)  What 
pathologists  call  miliary  tubercles  is  a  tubercular  nodule  measuring  015  to  2 
nasL  in  diameter.  From  tliis  nodule  (tuberculum)  the  disease  derives  the 
name  tuberculosis  originally ;  but  it  must  be  remembered  that  other  forms  of 
disease  give  rise  to  the  formation  of  miliary  nodules. 

The  proper  conception,  therefore,  of  tuberculosis  is  associated  not  with 
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the  miliary  nodiile,  but  with  those  disturbances  which  are  caused  by  the  tubercle 
bacillus. 

Schiippel  was  the  first  to  describe,  many  years  ago,  the  foci  of  epithelioid 
cells  in  tubcrcuhir  lymph  -glands  in  the  human  subject,  and  those  for  a  long 
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Fio.  '^7.— Lupos  nodule  In  the  akia  narrouiiUed  by  pedviucrilar  cf  ll-strnndfl.    Tbu  blue  iujocUou  iu  til* 
blood'vuaala  \»  k«re  repreftentetl  m  black,     x  25. 

time,  accordingly,  were  termed  Schiip[)ers  tubercles.  When  tubercle  of  the 
lymphatic  glands  was  more  closely  investigated,  however,  it  was  observed  that 
the  first  change  manifested  in  these  organs  was  an  increase  in  size,  produced 
by  a  multiplication  of  the  lymphoid  cells,  chiefly  uni-nucleated,  which  are 
normally  present  in  these  glands.  Soon  afterwards,  groups  of  epithelioid  and 
giant  cells  appeared,  corresponding  in  all  points  with  the  miliary  tubercle  in 
tlie  skin  which  has  just  been  described  (Fig.  28). 

This  is  not  the  place  to  give  an  account  of  tubercular  disease  in  each 
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Fio.  28.— Two  very  hiii»11  wilUry  tubercles  from  A  lyiapluiUe  glaad.    One 
partly  caseous  with  giant  cell*,     x  IflO, 

individual  organ.  This  will  be  done  in  the  special  pathological  anatomy.  A 
general  account  of  the  invasion  and  distribution  of  tuberculosis  in  the  human 
body  must,  however,  be  given. 

In  many  cases  the  tubercle  bacilli  cause  distinct  changes  at  the  spot  where 
they  first  enter.     Among  these  may  be  inchided  many  forms  of  tuberculosis 
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of  tho  skin,  larynx,  lungs,  intestine,  and  the  genito-urinary  systems.  Both 
small  and  large  aggregations  of  epithelioid  and  giant  cells,  modified  in  shape 
according  to  the  histological  structures  of  those  organs,  are  fonnd,  showing 
caseation,  and,  in  some  parts,  also  softening  and  liquefaction  of  tho  caseous  area. 
In  those  diseased  foci,  tubercle  bacilli,  in  greater  or  less  number,  may  be 
demonstnited  by  the  methods  of  staining  described  above. 

In  other  cases  the  tubercle  baciUi  cause  no  anatomical  changes^  or  none 
that  are  chanicteristic,  at  the  spot  where  they  first  enter,  but  give  rise  to  such 
changes  in  distant  parts  only.  It  is  in  this  way  that  tubercular  disease  of 
the  lymphatic  glands  of  the  neck  not  infrequently  develops  after  moist  eniptions 
on  the  skin  of  the  head  and  face.  The  latter  arc  diseases  which  arise  from 
quite  diticrent  causes,  and,  accordingly,  may  heal  without  difficulty.  The  moist 
portions  of  the  skin  of  the  head  provide  a  means  of  entrance  for  the  tuber- 
cular virus,  which  is  carried  off  by  the  lymph-stream  into  adjacent  lymjihatic 
glands  and  acts  on  them,  while  the  skin  disease  heals  in  tho  meantime,  and 
may  have  vanished  without  a  trace  before  the  physician  has  been  consulted. 

This  also  applies  to  primary  tuberculosis  of  the  mesenteric  l3*mph -glands, 
with  and  without  intestinal  catarrh,  which  is  sometimes  found  ajjart  from 
tubercular  disease  of  the  intestinal  wall.  This  form  of  tuberculosis  is  usually 
due  to  food,  such  as  milk  obtained  from  tubercular  cows.  LiWng  tubercle 
bacilli  have  been  often  demonstrated  in  such  milk  (Klebs,  Gerlach).  This  is 
perhaps  the  most  common  method  by  which  tuberculosis  is  transmitted. 
The  subsequent  distribution  of  tuberculosis  throughout  the  whole  body  prevents 
us  from  discovering  the  mode  of  infection  in  most  cases. 

A  proof  of  the  fact  that  tho  tubercle  bacilli  sometimes  cause  no  changes  at 
the  spot  where  they  fii"st  enter,  is  found  in  many  cases  of  tuberculosis  of  the 
bones  and  joints,  the  central  nervous  system  or  other  deeply  situated  organs,  in 
which  the  mode  of  entrance  of  the  tubercular  virus  can  no  longer  be  found. 
A  remarkable  case  of  this  kind^  which  I  myself  dissected,  has  been  published 
by  Goldcnblura  on  my  suggestion.  It  is  a  case  of  tubercular  disease  of  the 
suprarenal  bodies  (in  which  the  tubercle  bacillus  was  demonstrated)  in 
Addison's  disease.  The  disease  was  in  a  man  of  twenty -four,  in  wiiom, 
notwithstanding  the  most  minute  search,  tliere  was  not  the  slightest  trace  of 
tuberculosis  to  be  found  in  any  other  organ. 

In  the  further  course  of  the  disease  the  tubercle  bacilli  spread  from  their 
first  focu.s  over  large  areas  in  the  human  body.  Not  infrequently  the  majority, 
if  not  all,  of  the  systems  are  infiltrated  with  tubercle.  The  extension  which 
takes  place  is,  as  a  rule,  accompanied  by  irregular  febrile  attacks  and  general 
disturbance  of  nutrition,  which  may  be  regarded  a.s  due  to  the  action  of  the 
l>oisonous  metabolic  products  of  the  bacillus,  and  which  finally  lead  to  a  high 
degree  of  emaciation  and  weakness  (phthisis).  Wo  may,  therefore,  distinguish 
chronk  and  aaih  eases  according  to  their  duration. 

The  extension  of  the  tubercle  bacilli  takes  place  in  those  cases  by  all  the 
lymph  channels  and  connective  tissue  spaces  in  the  body.  From  the  bronchi 
of  affected  portions  of  the  lungs  tho  fluids  containing  bacilli  pass  along  the 
bronchial  tree  into  portions  of  as  yet  healthy  lung.  The  current  of  the  fluids 
hi  the  tissues  conducts  the  bacilli  into  lymph-vessela  and  IjTuph-glands,  so  that 
these  organs  become  extensively  diseased.  The  blcwd-stream,  also,  takes  up 
tho  poison  and  spreads  it  more  widely,  since,  as  shown  by  Weigert,  miliary 
tubercles  develop  in  tho  walls  of  tho  arteries  and  veins  and  effect  further 
extension  both  from  the  tissues  iuto  tho  blood  and  from  tho  blood  into  the 
tissues. 
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18.  SypMIia,  Lnea 

_  Notwithstanding  the  fact  that  the  nature  of  the  syphilitic  infective  virus 
'  'ws  not  been  deliiiitely  estjiblished,  it  must  be  considered  here.  Syphilis 
or  hies  is  a  disease  whose  infectiouii  character  has  long  been  recogni.sed. 
It  has  been  proved  that  this  disease  occurs  only  in  man,  and  is  proi>agated 
exclusively  by  direct  or  indirect  transmission  from  one  person  to  another. 
The  disease  has  also  been  often  successfully  inoculated  on  healthy  subjects. 
We  know  nothing  definite,  however,  concerning  the  properties  of  the  infective 
virus.      It  is  even  questionable  whether  it  is  a  schizomycete. 

Lustgarten,  Doutrolepont,  Matterstock,  and  others  have,  however,  demon- 
strated a  bacillus,  which  may  be  the  cau.se  of  the  disease,  in  the  secretion 
from  syphilitic  lesions  and  in  the  interior  of  sj^hilitic  tissue. 

The  s^'philis  bacillus,  according  to  Lustgarten,  is  3  to  7  /x  in  length,  often 
slightly  curved,  the  ends  sometimes  a  little  thickened.  This  author  recom- 
mends,  as  a  suitable  method  of  staining,  that  dried  cover-glass  preparations 
and  sections  of  tissue  be  stained  with  aniline- water-gentian- violet,  and  then 
treated,  first  %vith  permanganate  of  potash  and  then  with  sulphurous  acid. 
It  ought  to  be  mentioned,  however,  that  similar  schizomycetea  are  also  present 
in  the  smegma  prtppntialis  and  on  the  skin  in  the  neighbourhood  of  the 
genitals  (Matterstock).  In  view  of  the  fact  that,  as  yet,  syphilitic  disease 
has  nr»t  been  produced  in  any  animal  by  inoculation  of  even  highly  virulent 
secretion  from  syphilitic  ulcers,  the  cxporiraenkd  and  pathological  investigation 
of  syphilis  is  very  ditticult,  as  can  be  imderstoo<l,  and  the  pathogenic  import- 
ance of  Lustgarten's  bacillus  remains  unsettled.  The  subject  of  syphilis  con- 
tains other  imsettled  questions.  At  the  site  of  the  primary  action  of  the 
syphilitic  ^^J•us  on  skin  or  mucous  membrane  the  syphilitic  prirnan/  sor€  is 
formed  as  a  papule,  vesicle,  or  a  small  ulcer.     After  the  peculiar  induration 
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had  been  recognised,  through  Hunter's  work,  as  the  must  imporLant  diagnostic 
point  of  the  syphilitic  nature  of  the  primary  sore,  Ricord  and  Bassereau 
distinctly  differentiited  the  indurated  syphilitic  primary  sore  from  the  non- 
syphilitic  soft  chancre.  The  doctrine  of  the  duM  chamrtrr  of  venereal  ulcers 
has  held  good  till  now,  notwithstanding  much  opposition.  The  doctrine  of 
their  unit}/  also  has  its  supporters,  however,  who  maintain,  on  the  strength 
of  repeated  experimenta,  that  the  soft  and  hard  chancres  represent  very  closely 
related  forma  of  disease.  The  virus  of  the  hard  chimcres  is  supposed  to 
be  transformed  into  the  poison  of  the  soft  chancre  under  certain  conditions. 

In  any  case  the  soft  chancre  appears  as  a  variety  of  ulcer,  which  is  not 
infrequently  followed  by  purulent  softening  of  the  lymphatic  glands  in  the 
neighbourhood,  bat  which,  however,  does  not  entail  a  general  disease.  The 
latt«r  is  always  the  consequence  of  specific  sj^philitic  infection.  While  the 
soft  chancre  appears  twenty-four  hours  after  infection  as  a  small,  rapidly 
growing  ulceration,  syphilitic  infection  has  a  longer  inaiixiUffn  period,  which  may 
be  obscured  by  simultaneoas  infection  with  the  virus  of  the  soft  chancre.  The 
ulcer  of  soft  chancre  which  is  observed  soon  after  infection  has  occurred,  is 
afterwards  converted,  by  gradual  induration  of  the  floor  of  the  ulcer,  into  an 
indurated  syphilitic  ulcer,  and  both  infections  run  their  course  together.  In 
a  healthy  subject,  however,  infection  with  pure  syphilitic  \nru8  gives  rise  to  a 
reddened  papule  or  vesicle  which  does  not  appear  for  three  or  four  weeks. 
The  subjacent  tissues,  the  coriiim  of  the  skin,  the  connective  tissue  stratum  of 
the  mucous  membrane  subsequently  l>ecome  indurated,  and,  as  a  rule,  super- 
ficial ulceration  occurs.  The  adjacent  lymphatics  swell  up  (indolent  buboes) 
from  simple,  small-celled  infiltration  of  the  lymphatic  tissue,  and  general  dis- 
eaae  ensues. 

Between  the  period  of  the  first  api)earance  of  the  primary  sore  and  the 
swelling  of  the  neighbouring  lymphatic  glands  on  the  one  hand,  and  the  occur- 
rence of  the  general  infeciwn  on  the  other,  there  is  an  interval  of  six  or  seven 
weeks,  which  has  been  termed  the  second  innihitkm  period.  It  seems  as  it 
a  poison  were  generated  in  the  primary  focus  of  infection  and  the  swollen 
lymphatic  glands  which  gradually  passes  into  the  blood,  and  causes  further 
symptoms  when  it  has  accumulated  suflBciently  in  the  latter.  These  symptoms 
take,  at  first,  the  form  of  various  eruptions  on  the  sldn  and  mucous  membranes, 
which  are  sometimes  accompanied  by  pyrexia,  and  are  associated  with  slight 
enlargement  of  the  spleen  (Baiimler)  or  swellings  of  single  joints. 

General  syphilitic  infection  leads,  in  process  of  time,  to  lesions  in  all  organs 
and  systems-  Even  although,  after  further  investigation,  it  bo  found  that  many 
changes  attributed  to  s}^hilis  are  the  result  of  therapeutic  remedies,  such  an 
mercurial  treatment,  for  instance,  the  above  law  holds  good  universally.  The 
course  of  general  syphilitic  infection  may  be  divided  into  two  periods — the 
seecndartf  and  tertiary  periods  of  the  disease. 

The  secondart/  period  of  the  discfise  is  mainly  characterised  by  afiections 
of  the  skin  and  mucous  membranes,  although  aff'ections  of  the  periosteum,  nervous, 
system  and  many  viscera  are  also  present.  Usually,  however,  the  bone?, 
muscles,  nervous  system,  and  viscera  are  not  affected  until  the  later,  tertianj 
penod  of  the  disease. 

The  histological  changes  brought  about  by  syphilis  in  the  individual 
organs  cannot  be  fully  described  here.  For  this  the  speciul  jxirt  of  this  text- 
book must  be  referred  to.    In  a  brief  reWew,  however,  these  changes  appear  as : — 

1.  Simple  hype-rcemiag,  congestion  of  vascular  areas  of  varying  size,  especially 
of   the    skin   and    mucous   membranes.      Microscopically,   in   such   cases,  we 
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invariably  find  small  or  large  accumulations  of  lymphoid  round  cells  in  the 
neighbourhood  of  the  aniiiller  blood-vessels,  similar  to  those  described  in 
tulierculosis  of  the  skin.  Hero  also  the  vessel  walls,  and  especially  the  endo- 
thelium of  the  Vessels,  fre(|u«ntly  show  evidence  of  new  cell  formation. 

2.  Exudothns,  poor  or  rich  in  cells,  as,  for  instance,  those  in  the  brain  mem- 
branes. These  are  associated,  iis  a  rule,  with  various  diseases  of  the  walls  of  the 
capillaries  and  araall  arteries. 

3.  Dense  smallceUcd  injillmtion  of  the  tissues  of  the  organs,  chiefly  associated 
with  new  formation  of  young  connective  tissue  on  the  one  hand,  and  with 
disintegration  of  the  tissue  on  the  other  hand.  The  latter  converts  the  highly 
cellular  tissue  of  the  diseased  area  either  into  caseous-like  masses,  firm  or  soft 
in  consistence,  or  into  a  tough,  yellowish,  honey-like  fluid.  By  the  disintegra- 
tion of  the  tissue  superficial  or  deep  ulcers  are  formed  in  many  aises. 

4.  Firr}%  cicatrkkU  conneciim  tmite  proccs.<€s  which  develop  from  the  newly 
formed  young  connective  tissue. 

The  lesions  of  the  organs  which  these  conditions  produce  are,  to  some 
extent,  highly  characteristic  of  the  disease  in  question  and  permit  of  an  easj-, 
certain,  and  defitdte  diagnosis.  The  determining  characters  are  chiefly  the 
shape,  situation,  and  the  extent  of  the  changes.  In  another  series  of  syphilitic 
diseases  of  the  organs,  however,  the  characteristics  pointing  to  a  syphilitic  origin 
are  not  quite  so  distinct,  so  that,  in  some  cases,  it  may  be  doubtful  whether 
they  are  due  to  syphilis  or  some  other  cause.  One  of  the  diseases  of  the 
vascular  system,  for  instance,  which  occurs  very  commonly,  angio-sclerosis  or 
arterio-sclerosis,  is,  as  pathologists  all  agree,  in  some  cases,  the  result  of  syphilis, 
and,  in  other  cases,  the  result  of  very  dilTeront  causes.  In  syphilis,  especially, 
it  must  be  remembered  that,  as  in  other  infective  diseases,  we  must  discriminate 
between  the  direct  action.s  of  the  specific  vims  of  the  disease  and  the  eff'ecta  of 
the  general  disturbance  of  nutrition  which  accompany  them.  The  consequences 
of  general  nutritive  disturbance  which  have  no  specific  syphilitic  characters  will 
be  disregaixled  here,  but  it  seems  advisable  to  describe  some  of  the  chanicteristic 
lesions  of  syphilis. 

The  st/phililk  primarif  sor&  or  initial  sclerosis  is  characterised  by  induration. 
This  is  found  invariably,  whether  the  skin  or  a  mucous  membrane  be  the  seat  of 
the  primary  infection.  The  section  drawn  in  Fig.  29,  taken  through  an  initial 
sclerosis  which  appeared  as  a  papule,  gives  the  most  important  changes  in  a 
general  fashion. 

The  surface  of  the  akin  is  somewhat  elevated  by  thickening  of  the  corium 
and  subcutaneous  cellnlar  tissue.  In  the  corium,  which  is  still  covered  with 
the  rete  Malpighi  and  epidermis,  wo  find,  causing  this  elevation,  a  dense 
accumulation  of  cells  (Fig.  29,  «),  shaded  ilark  in  the  figure.  This  cell-infiltra- 
tion begins  in  the  perivascular  connective  tksne  spaces  surrounding  the  vessels, 
in  exactly  the  same  way  as  in  tuberculosis  of  the  skin  and  many  other  skin 
diseases,  and  subsequently  invades  all  the  tissues. 

The  cells  are  chiefly  lymphoid  and  epithelioiii,  similar  to  those  which  are 
present  in  tuberculosis.  Here,  however,  a  relatively  large  number  of  flat  and 
spindle-shaped  cells  arc  present  which  are  undoubtedly  newly  formed  con- 
nective tissue  cells.  These,  as  a  rule,  lie  along  the  course  of  the  small  blood- 
vessels, as  is  seen  still  more  distinctly  in  Fig.  30,  taken  from  another  somewhat 
larger  and  more  advanced  initial  sclerosis  of  the  prepuce.  The  walls  of  the 
small  arteries  and  veins  also  show  marked  thickening  by  newly  fonncd, 
cellular,  connective  tissue.  Lastly,  widely  distended  lymph-vessels  are  found 
in  the  corium  (Fig.  29,  c,  c)  densely  packed  Avith  lymphoid  and  epithelial  cells. 
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tense,  might  quite  well  produce  such  a  result     The  contents  of  many  of  the 

lymphatic  vessels  of  the  indurated  coriuni,  which  are  cellular  and  therefore 

difficult   to    diiHplace,  might  well  help  to  iiicrease  the  tension  \n  the  tissues. 

It  appears,  however,  that  a  considerable 

part  of  the  induration  is  to  be  ascribed  to 

the  new  formation  of  connective  tissue  in 

the  affected  areas,  a  factor  which  is  not 

present,  to  such   an   extent  at  least,  in 

tubercular  diseases  (Wrson,  Biesiadecki). 
In  the  further  crmrsc  of  the  disease 

the    increasing    inftltratiou    of    the    rete 

Malpighi    with    wandering    cells    causes 

loosening,  and,  finally,   separation  of  the 

epidermis.     It  may  happen  during  this 

proci^s  that  a  suiaJl  collection  of  fluid,  a 

vesicle,  forma  between  tlie  iuyers  of  the 

rete  Malpighi,  which  soon  bursts  and  dis- 
charges its  contents  externally.     Lastly, 

a  small  ulcer  is  formed  in  one  or  other  way 

by  disintegration  of  the  superficial  layers. 

This    gradually    increases    in    size    and 

shows  no  tendency  to  heal,  but  it  is  only 

in  a  few  cases  that  it  goes  on  to  form 

a  large  ulcer.      After  lasting  for  several  weeks,  this  ulcer  also  heals.      The 

indurated  scar  which  is  left  may  be  observed  long  aften^-ards  as  the  last  trace 

of  the  primary  sore. 

The  small-celled  infiltration  of  the  corium  which  follows  the  course  of  the 

blood-vessels  h  also  found,  more 
or  less  distinctly,  in  the  various 
munifesUtions  on  the  skin  and 
mucous  membrane  which  are  asso- 
ciated chiefly  with  the  secondary 
period  of  syphilis.  In  certain  folds 
of  the  skiD,  especially  in  the  neigh- 
bourhood of  the  anus,  those  skin 
eruptions  sometimes  take  a  special 
form,  usually  termed  condi/lomu 
htum.  These  appear  as  moist,  flat, 
circumscribed  elevations,  denuded 
of  epidermis,  but  still  covered  with 
the  remains  of  the  rete  Malpighi. 
The  microscoj>G  shows  a  cellular 
infiltration  of  the  corium,  like  that 
already  described  iu  the  primary 
sore.  Finally,  in  the  tertiary 
period  of  syphilis  connective  tissue 
growths  of  nodular,  tumour -like 
appearance   are   found,  which,   on 

account  of  their  peculiar  elastic  consistence,  are,  as  a  rule,  called  (juminata  {syi>hil- 

omata,  Wagner).     The  early  stages  of  gumma  formation  are  usually  found  in 

uewly-born  children  suffering  from  congenitil  syphilis.    In  such  ciises  the  gumma 

ajjpears  as  a  rounded  aggregation  of  connective  tissue  rich  iu  lymphoid  round 
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cells  (Fig.  32).  This  tissue  Ims  a  great  tendency  to  disintegration,  usually 
Hecomiiig  converted  into  caseous  masses.  In  the  centre  of  the  rounded  nodule, 
therefore,  a  vvhitish  area  is  found,  showing,  under  the  microscope,  tlie  finely 
granular  appearance  of  caseation  (Fig.  32).  The  small  caseous  focus  is  itself 
sun-oundod  by  a  zone  of  undegenerated,  highly  cellular  tissue,  as  figured  alxivo. 

In  larger  and  more  advanced  gummata  extensive  caseation  is  usually  present. 
Less  frequently  a  peculiar  liquefaction  occuj'S  which  converts  first  the  inter- 
cellular subst:ince,  and  subsequently  the  cells  of  the  nodules  of  newly  formed 
tissue  into  a  mucoid,  yello^nsh,  honey-like  substance.  Here,  also,  the  degenerated 
centre  of  the  new  formation  is  usually  surrounded  by  a  araall-celled,  connective 
tissue  growth.  This,  however,  cannot  always  be  detected-  Evidently,  in  long- 
standing cases,  it  becomes  converted  into  cicatricial,  sparsely  cellular,  connec- 
tive tissue  which  immediately  surrounds  the  caseous  area  (Fig.  33). 

The  infective  vims  of  syphilis  is  found  in  the  secretion  of  syphilitic 
ulcers,  in  recent  syphilitic  tissue  growths,  especially  in  the  condylomata,  and 
in  the  blood.  Its  special  properties  also  enable  it  to  l>e  transmitted  to  the 
offspring.     Syphilitic  lesions  are,  accordingly,  frequently  found  in  the  newly- 


-s- 


--Iv 


^-1: 


.X 


.  ^^Vi*. 


M 


_/9-^ 


^i<-, 


V     ,.      »    ■ 


\ 


Fto.  S3.— Liver  of  b  niAu  with  acqalred  syphilis.     On  t)ie  cut  surfltce  several  ctcatiicial  connective  tfMQ« 
X>roc<^^)>|*9  atx!  seen  which  hiive  caiued  paokertngs  on  Uie  aarlkce.    In  one  scar  there  Is  a  round  gumrnA,  n 
One-biUr  iwtural  sUe. 

born  child,  when  either  the  mother  or  the  father  is  syphilitic.  Kxperience  ha* 
shown  that  syphilis  in  the  father  is  more  frequently  the  cause  of  s}q5hilitic 
disease  of  the  foetus  than  syphilis  in  the  mother.  In  a  feAV  closely  observed 
cases,  it  has  even  been  demonstrated  that  the  father  may  convey  syphilis  to  the 
ovum  without,  at  the  same  time,  affecting  the  mother. 

Congenital  syphilis  frequently  leads  to  death  of  the  ftjetus  at  an  early  or 
late  period  of  gestation.  These  dead  embryos  usually  undergo  a  more  or  less 
marked  i*o:4-n\ortfm  change  in  utero,  which  may  be  de:^crihed  as  a  form  of 
maceration.  The  epidermis  is  detached  from  the  surface  of  the  body  over 
large  areas. 

Histological  investigation  shows  characteristic  changes  at  the  lines  of  the 
epiphyses  of  the  bones,  in  the  lungs,  liver,  pancreas,  and  other  situations, 
sometimes  even  typical  guramati  of  var^nng  size.  In  other  cases  the  children 
are  born  premattirely  or  at  full  time,  but  either  show  well-marked  sj'philitic 
changes  at  birth  or  are  distinctly  affected  with  slight  or  severe  forms  of  syphilis 
within  the  first  few  weeks  or  months. of  life. 
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19.  BaciUos  Leprsa 

Many  years  ago  Virchow,  after  a  study  of  the  original  investigations  of 
Daiiielssen  and  Boeckh,  ]>ointed  out  that  there  were  certain  points  of  agree- 
ment between  tuberculosis,  syphilis,  and  lepra.  He  described  the  new  tissue 
formation  present  in  all  those  diseases  as  grannkdion  tumours^  Le.  tumours 
consisting  of  a  small-celled  growth,  resembling  young  connective  tissue.  How 
far  this  view  is  justified  will  be  discussed  elsewhere.  It  is  worthy  of  note  that 
more  recent  investigations  have  shown  that  there  ia  a  great  similarity  between 
those  three  forms  of  disease,  by  proving  that  not  only  syphilis,  but  tuberculosis 
and  lepra  also,  depend  upon  infection. 

The  histogenesis  of  leprosy  was  first  accurately  observed  by  myself  in  1872 
in  a  case  of  Brazilian  leprosy.  The  conclusions  thus  obtained  were  confirmed 
from  various  sides,  and  I  myself  have  had  repeated  opportunities  ia  Dorpat  of 
testing  them  anew. 

Lepra  or  leprosy  {eUphantia^is  ffrascomm)  occurs  in  two  forms  which 
present  many  points  of  difference,  as  lepra  tuherosa  and  tepra  an^tsthetka,  the 
latter  being  also  less  appropriately  termed  Ifpru  nervorum.  Occasionally  both 
forms  occur  together  in  the  same  subject,  but  usually  they  are  sharply  divided. 

Lepra  iuberosa  gives  rise  to  veiy  remarkable  changes  in  the  skin.  Flat 
nodules,  several  centimetres  in  diameter,  develop  in  the  skin,  chiefly  on  the 
face,  the  hands  and  feet,  the  forearm  and  leg.  They  develop  either  slowly 
and  singly,  or  rapidly  and  in  great  numbers,  accompanied  by  slight  elevations 
of  temperature.  At  first  they  are  covered  by  uninjured  epidermis,  and 
then  sometimes  show  alight  brown  pigmentation.  Subsequently,  several 
nodules  may  run  together  and  break  down  to  form  ulcers.  The  whole  disease 
nins  a  very  prolonged  course.  The  ulcers  and  nodules  exist  for  a  long  time, 
but  may  Ijecome  smaller,  and  some  of  them  even  disappear.  Complete 
recovery  has,  of  course,  been  observed  under  careful  treatracnt  and  good  nutri- 
tion, but  in  a  few  cases  only.  As  a  nile,  new  nodules  appear  from  time  to 
time  until  death  results,  after  the  disease  has  persisted  for  inany  years,  during 
wluch  terminal  Joints  of  the  e.vtremities  frequently  slough  off  from  extensive 
ulceration  [Ifpnt  (mtlilans). 

Tho  close  aggregation  uf  the  lepra  nodules  on  the  face  and  the  terminal  joints 
of  the  extremities  is  characteristic.  The  great  number  of  nodules  on  the  face 
not  infrequently  causes  it  to  become  swollen  and  deformed,  and  gives  rise  to  the 
fncies  leonina.  In  advanced  cases,  however,  the  microscope  shows  that  the 
whole  of  the  skin  ia  greatly  affected. 
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The  nodule  I>egin8,  as  I  showed^  as  an  accumulation  of  lymphoid  cells  and 
peculiarly  shaped  epithelioid  cells  in  the  connective  tissue  spaces  immediately 
surrounding  the  blood-vessels  of  the  skin.  The  corium  then  appears  to  be 
intersected  by  numerous  strands  of  cells  arranged  in  a  network.  These  are 
usually  most  marked  at  those  parts  in  which  the  capillary  network  is  most 
developed,  i,t,  in  the  vicinitj'  of  the  superficial  network  of  vessels  of  the  skin 
and  its  glands.  These  processes  afterwards  increase  in  thickness  (Fig.  34),  and 
finally  merge  in  each  other  and  give  rise  to  a  dense  infiltration. 

From  the  skin  tlie  new  cellular  tissue  extends  further  into  the  vascular, 
subcutaneous  fatty  tissue,  as  may  also  be  seen  in  Fig.  34.  Here  they  form 
thick  infiltrations,  especially  marked  in  the  larger  nodules.  Subsequently, 
the  pnipheml  bmncJi-es  utid  httnh  of  ifie  nrrvc^  arc  attacked  by  the  advance 
of  the  disease  in  a  centrij^etal  direction  along  tlicir  cndoneui'ium  and  peri- 
neurium.  This  advance  of  the  nerve  lesion  toward  the  centre,  first  observed 
by  myself,  has  recently  been  much  more  fuUy  demonstrated  by  Gerlach,  under 
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the  direction  of  my  colleague,  Dehio.  The  disease  of  the  peri-  and  endo-neuriiiin 
results  in  atrophy  and  degenerations  of  many  nerve  fibres  and  in  numerous 
seusoiy  paralyses,  which  are  manifested  by  a  great  anaesthesia  of  the  skin  in 
the  tract  affected  by  the  leprous  nodules  and  ulcers. 

The  hjmph-vi'^st'i-i  also  serve  to  spread  the  disease.  I  have  been  able  to 
trace  distinctly  the  invasion  of  the  radicles  of  the  lymph-vessels  by  the  cells 
of  the  leprous  new  fonnation.  This  invasion  of  the  lymph-vessels,  as  already 
meiitioneJ,  is  aho'^vn  mt)st  distinctly  by  the  swelling  of  the  lymphatic  glands 
into  which  they  enter.  The  characteristic  lymphoid  and  epithelioid  li-pra  cells 
are  found  in  great  numbers  in  the  sinuses  of  the  glands,  while  the  follicular 
tissue  of  the  cortex  an<l  of  the  medTilla  of  the  glands  begins  to  proliferate  and 
finally  also  becomes  infiltrated  with  lepra  cells. 

Similar  changes  are  also  found  in  the  muccrns  memhrancs  of  the  nose  and  the 
mouth,  and  in  the  epiglottis  and  the  larynx.  These  mucous  membranes  become 
swollen  and  deformed  by  the  new  formation  of  tissue,  in  the  same  way  as  the  skin. 
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Of  the  internal  organs  the  livei'  and  s^hini  are  most  regularly  aflected.  In 
the  liver,  however,  the  characteristic  lepra  colls  are  chiefly  met  with  in  the 
bloo<l- channels  and  interlobular  connective  tissue  processes,  where  they  form 
small  nodules,  while  in  the  spleen  there  13  no  such  definite  localisation.  "It  is 
true  the  spleen  pulp  contains  the  great  mass  of  the  lepra  cells  ;  but  the 
Malpighian  bodies  also  show  them  in  not  inconsiderable  quantity.  Similar 
leprous  new  formations  may  occur  in  the  horn  inttrrou\  but  are  less  frequent 
here.  Lastly,  the  same  new  tissue  formations  develop  in  the  serous  mevi- 
brajieSf  the  fedkle,  and  other  organs.  In  the  serous  membranes  somewhat  large 
nodules  may  occasionally  form. 

In  examining  all  these  changes  the  important  fact  is  observed  that  the 
cells  of  leprous  tissue  growth  are  distinguished  by  special  peculiarities.  In  the 
younger  nodules,  it  is  true,  many  cells  are  found  Avhich  are  essentially  similar 
to  tiie  uni-nucleated  lymphoid  cells  of  tubercular  and  syphilitic  growths. 
Besides  these^  however,  other  varieties  of  cell  api>ear  at  an  early  stage,  and, 
in  the  larger  lepra  nodules,  are  decidedly  in  excess.  These  ]>eculiar  lepra  cells 
are  analogotis  to  the  epithelioid  cells  in  the  tubercle  and  the  gumma.  They 
are  distinguished  by  their  very  granular  appearance  and  by  the  presence  of 
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ge  round  vacuole-Iike  spaces  (Fig.  '35).  In  the  lymph-glands  large  lepra  cells 
"mnb  also  found  containing  very  rofractile  concretions  (Fig.  36),  somewhat  brown 
in  colour.  These  latter  are  also  found  free,  however,  outside  t!ie  cell.  Lastly, 
I  have  been  able  to  demonstrate  very  large  multi-nucleated  cells  (giant  cells) 
in  the  lepra  nodules,  which  certainly  do  not  exactly  resemble  the  tubercular 
giant  cells  (see  Fig.  35). 

The  researches  of  Klebs,  Armauer-Hansen  and  Neisaer  greatly  added  to 
our  knowledge  of  the  etwb'jy  of  this  disease  by  the  demonstration  of  the  lepra 
bacillus  in  the  leprous  now  formations.  It  appears  in  these  in  enormous 
numbers,  as  a  rod  4  to  7  /x  long,  frequently  slightly  curved,  which  stains  most 
easily  by  one  of  tlic  methods  recommended  for  staining  the  tubercle  bacillus 
(Plate  III.,  Fig.  d),  When  stained,  the  rod  frequently  seems  to  be  interrupted  by 
clear  spaces.  These  are  regarded  as  spores  which  are  not  easily  stained.  As 
Neisser  proved,  the  bacilli  may  be  cultivated  on  coagulated  blood-serum.  After 
inoculation  in  animals,  a  multiplication  of  the  bacilli  has  always  been  observed 
in  the  neighbourhood  of  the  point  of  inocidation  (Damsch,  Vossius,  Melcherand 
Ortmann),  but  no  general  disease  occurred.  The  proof  of  the  pathogenic  signi- 
ficance of  the  lepra  bacillus  is  therefore  not  quite  beyond  doubt,  but  its 
invariable  presence  in  large  numbers  in  leprous  new  formation  argues  very 
much  in  favour  of  such  a  view. 
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The  lepra  bacilli  frequently  lie  in  the  large  vacuole-like  spheres  contained 
ill  the  lepra  cells  (see  Fig.  35,  and  Plate  III,  Fig.  </).  It  is  probable  that  these 
vacuole-like  spheres  may  be  a  mucoid  substance  secreted  by  the  lepra  bacilli, 
in  which  case  the  mucoid  spheres  and  bacilli  must  be  regarded  as  zoogloea 
masses  which  develop  in  the  interior  of  the  cell  This  view,  however,  ia  open 
to  some  objections.  In  the  first  place,  the  lepra  bacilli  lie  chiefly  in  the  super- 
ficial parts  of  the  sphere,  an  arrangement  which  is  not  found  in  other  zooglcea  j 
and  secondly,  similar  vacuole-like  spheres  are  found  in  lepra  cells  which  con- 
tain no  bacilli.  In  any  case,  however,  the  vacuole-like  bodies  are  formations 
so  peculiar  to  the  cells  of  kprous  new  growths,  that  they  afford  a  perfectly 
certain  means  of  distinction  between  leprous  and  syphilitic  or  tubercular  new 
formations. 

All  lepra  bacilli  are  not  found  enclosed  in  the  vacuole-like  spheres.  In 
more  recent  leprous  new  growths,  especially,  the  bacilli  are  found  Ijnng  simply 
in  the  protoplasm  of  the  cell,  and  many  bacilli  are  even  found  free  in  the 
tissue  between  the  cells.  Probably  the  bacilli  are  fii-st  free  in  the  tissue,  then 
pass  into  the  cells  and  there  increase  to  a  considerable  extent.  The  vacuole- 
like  spheres  would  then  be  metallic  products  either  of  the  bacilli  or  of  the 
cells  of  the  diseased  tissue. 

The  ancesilietic  ft/rm  of  leprosy  appears  at  first  as  ancesthelic  spots  on  the 
skin,  3  stage  of  hypersesthesia  generally  preceding  the  anaesthesia.  As  has 
already  been  remarked,  anaesthesias,  often  of  great  extent,  occur  in  tuberous 
leprosy  also.  The  appe;irances,  which  will  immediately  be  described,  of 
typical  aniesthetic  leprosy  are  also  frequently  combined  with  the  tuberous  fonn. 

In  cases  of  pure  muT^thdic  lejnos)/,  which  chiefly  interest  us  here,  the  anes- 
thesia is  frequently  met  with  in  areas  of  the  skin  which  show  no  outward 
visible  abnoimality.  Other  amesthetic  leprous  areas  of  skin  are  distinguished, 
however,  by  a  brown  pigmented  border,  sometimes  somewhat  elevated,  wkieh 
shows  more  or  less  marked  hypcnesthesia.  The  anaesthetic  areas  of  skin 
surrounded  by  this  border  are  unchanged  externally,  or  they  may  show  thin- 
ning and  atrophy  oi  the  corium,  with  or  without  scaly  exfoliation  of  the  epi- 
dermis, the  sensibility  being  diminished  or  completely  lost.  The  pigmented 
border  may,  apjTarently,  disappear  if  the  disease  be  long  continued,  while,  at 
the  same  time,  the  aiuesthetic  areas  extend  conespondiugly. 

Anjesthetic  leprosy,  like  the  nodulai'  form,  gives  rise  to  great  ulceration 
and  thus  causes  small  and  large  portions  of  the  extremities  to  slough  off  (Iqna 
tnulihiiu^).  In  these  mutilations  the  loss  of  sensibility  is  of  great  importance, 
as  it  makes  the  patients  careless  in  protecting  their  limbs  from  injury  and  in 
their  attention  to  the  wounds  and  ulcers  when  proiluced. 

Nutritional  disturbances  in  some  of  the  muscles  are  usually  found  in 
addition  to  the  lesions  of  the  skin.  The  muscles  diminish  in  size,  atrophy, 
and  become  partly  paralysed. 

All  these  changes  are  evidently  dependent  upon  a  simultaneous  affection  of 
the  peripheral  nerv^es.  These  sho^v  changes  similar  to  those  of  nodular  leprosy, 
while,  at  tlie  same  time,  their  excitability  is  greatly  diminished,  as  was  pointed 
out  by  F.  Schultze. 

From  these  facts  it  is  probable  that  anaesthetic  leprosy  is  essentially  due  to 
a  leprous  affection  of  the  nerves,  M'hich  gives  rise  to  disturbances  of  circulation 
and  nutrition  in  the  area  of  the  peripheral  distribution  of  the  affected  nerves, 
in  the  skin,  and  iu  the  muscles.  Nevertheless,  although  this  view  may  be 
regarded  as  very  probable,  the  difficulty  still  remains,  that  experienced  and 
practised   observers,    myself  also,   have  not  succeeded   in  demonstrating   the 


-- -  ^*^ 


^^mi^ 


LEPROSY 


HI 


lepra  bacillua  in  cases  of  pure  anaesthetic  leprosy,  when  iinassociated  with 
nodiilar  leprosy.  The  skin  in  anaesthetic  leprosy  shows  cell  strantls  similar 
to  those  described  and  pictured  in  the  nodular  variet}^.  The  cell  strands, 
however,  are  relatively  small  in  size  and  free  from  hacilli.  A  few  vacuole-like 
bodies  certainly  do  occur,  accordiug  to  iny  own  observations,  in  the  skin 
affection  of  anaesthetic  leprosy  also. 

Opinions  as  to  the  mode  of  spread  of  leprosy  have  varied  greatly  from  time 
to  time.  Centuries  ago,  when  leprosy  was  widespread  in  Europe,  it  was 
universally  held  to  be  contagious  from  person  to  person.  Afterwards,  eminent 
investigators  of  leprosy,  like  Danielssen  and  Boeckh,  attributed  great  importr 
ance  to  hereditary  transmission  from  parents  to  children;  while, at  present,  since 
the  discovery  of  the  lepra  bacillus,  the  contagious  character  of  the  disease  tends 
to  come  to  the  front  again.  The  demonstration,  both  of  its  contagious  and 
hereditary  nature,  is,  however,  much  hampered  by  the  fact  that  the  disease 
develops  very  slowly,  and  apparently  has  an  extremely  long  incubation  period. 
Supporters  of  the  doctrine  of  contagion  must  assume  that  years  may  elapse 
before  the  appearance  of  the  first  distinctly  recognisable  leprous  change  after 
infection*  Under  these  circumstances  the  doctrine  of  hereditary  transmission 
is  also  tenable,  even  although  the  children  of  leprous  parents  do  not  manifest 
the  first  sign  of  leprosy  until  long  after  birth.  At  present  we  may,  on  the 
strength  of  the  discovery  of  the  bacillus,  with  great  probability  regard  leprosy 
as  an  infectious  disease,  and  must,  at  any  rate,  allow  that  in  many  cases  this 
disease  is  first  acquired  in  extra-uterine  life.  This  is  gathered  fmm  the  numer- 
ous investigations  made  in  the  Baltic  provinces  by  Paulson,  Hellat,  and  others. 
It  is  doubtful  whether  direct  transmission  from  .'jkin  to  skin  takes  place  by 
crowding  the  sick  and  healthy  together  in  dw^ellings.  Some  facts  discovered 
by  Hellat,  however,  may  quite  well  be  inteq>reted  in  this  way,  but  are  not 
conclusive  proofs.  Perhaps,  in  leprosj^  attention  should  be  paid  to  the  possi- 
bilit}^  of  a  spread  of  tlie  disease  by  the  stings  of  insects,  especially  fleas,  since 
transmission  is  apparently  facilitated  by  crowding  and  the  use  of  common 
dormitories,  and  since  the  superficial  layers  of  skin  are  found  to  be  so  rich  in 
lepra  bacilli.  Later  on,  however,  the  further  extension  of  the  disease  in  the 
human  Ixxly  is  through  the  blood-channel,  as  I  have  thoroughly  proved  else- 
where. As  a  mle^  a  great  number  of  cutaneous  nodules  appear  simultaneously, 
sometimes  associated  with  slight  fever  and  a  bright  red  skin  eruption,  and 
fresh  accessions  follow  periodically.  We  must  assume  that  the  skin  offers  very 
favourable  conditions  for  the  growth  of  the  lepra  bacillus.  It  is  chiefly  the 
very  vascular  areas  of  the  skin,  which  have  frequent  variations  in  their  blood- 
supply,  which  are  affected,  such  aa  the  face  and  the  terminal  portions  of  the 
extremities,  for  instance ;  while,  in  the  early  stage,  it  requires  the  microscope 
to  detect  any  affection  in  the  skin  of  any  other  part  From  the  skin  the  disease 
extends  to  the  nerves,  lymph-vessels,  and  lymph-glands  ;  while,  by  means  of  the 
blood,  the  spleen,  liver,  and  other  organs  are  implicated  at  the  same  time. 
Lepra  might  therefore  be  regarded  as  a  result  of  the  contamination  of  the  blood 
by  lepra  bacilli,  since  the  bacilli  are  found  :  — 

Firstly,  in  the  blood  (Kobner,  Paulson,  Thoma). 

St^condly,  in  the  skin  and  nerves,  which  provide  very  favourable  nutritive 
conditions  for  the  microbe,  as  proved  by  the  luxuriant  multiplication  of  the 
bacilli  in  those  organs. 

Thirdhjt  in  tliose  organs  in  which  foreign  solid  elements  of  any  kind  in  a 
state  of  tine  division  are,  as  a  rule,  accumulated  in  large  quantities,  the  spleen, 
the  liver,  and,  to  a  leas  extent^  the  bone-marrow. 
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Fuurthlt/j  in  the  lymph-glands  connected  with  the  areas  of  skin  chiefly 
affected,  since  those  are  transversed  by  the  lymph,  which  is  unusually  rich  in 
bacilli. 
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20.  BacilluB  RhinoficIeromatiB 

Hobra  and  Moritz  Kohn  (Kaposi)  have  applied  the  term  rhinoscleroma  to  a 
peculiar  disease  in  which  firm,  haixl,  tumour  like  nodules  dtvelop  at  the  external 
margins  of  tlie  nostrils.  These  tumour-like  new  formations  extend,  in  some 
cases,  to  the  upper  lip  also.  They  spread  especially  on  the  nasal  mucous  mem- 
brane, and,  in  some  cases,  infiltrate  the  mucous  membrane  of  the  throat  and  larynx 
with  nodukr  tljickenings.  The  nodules  at  the  nasal  orifices  sometimes  become 
ulcer.ttud.  When  this  does  not  occur  their  surface  is  uneven  and  swollen,  hare, 
hairless,  and  without  the  larger  sebaceous  glands,  in  colour  somewhat  pigmented 
or  like  normal  skin.  Microscopically,  a  dense  infiltration  with  small  lympboid 
round  cells  is  found  in  the  skin  and  mucous  membranes  and  in  the  neighbour- 
ing tissues-  Between  the  lymphoid  large  epithelioid  cells  are  situated, 
partly  scattered  and  partly  in  dense  clusters.  They  contain  hyaline  spheres 
similar  to  those  found  in  lepra  cells. 

Frisch,  Chiari,  Pellizari,  Coniil,  Bal)es  and  others  have  demonstrated  a  rod- 
shaped  sciiizomycete  in  these  large  cells.  The  rods  are  short  aud  enclosed  in 
a  glia  capsiUe,  so  that  they  possess  a  certain  resemblance  to  the  bacillus  of  Fried- 
hinder.  They  stain  with  methyl  violet,  methylene  blue,  and  other  stains.  It 
is  best,  however,  to  use  concentrated  staining  solutions  and  allow  them  to  act 
for  a  long  period,  say  twenty- four  houi-s,  and  then  decolorise  by  absolute 
alcohol  or  iodine  solution,  accoi-ding  to  Gram's  method.  The  bacilli  thrive  on 
various  artificial  nutrient  media  (Paltauf  and  v.  Eiaelsherg),  especially  at  a 
somewhat  high  temperature.  Their  glia  capsules  also  develop  in  such  cultures, 
but  the  appearance  of  the  colonies  is  somewhat  different  from  those  of  Fried- 
liinder's  piieumo-bacillus,  specially  in  being  more  transparent.  Inoculations  of 
rabbits,  guinea-pigs,  and  mice  have  proved  unsuccessful. 
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21.  BacilluB  Xerosis 

By  xerosis  is  jinderstooil  ;t  local  disease  of  the  conjunctiva  associateil 
with  disturbances  of  vision  (hemeralopia),  which  seems  to  extend  to  internal 
organs  also.  The  conjunctiva  bnlhi  appears  dry  and  inelastic,  so  that  it  falls 
into  fine  wrinkles  in  many  movements  of  the  eye.  At  the  same  time,  it 
Incomes  covered  with  a  thin,  wj-iitish  layer,  consisting  mairdy  of  exfoliating, 
conjunctival  epithelium,  sometimes  showing  fatty  degeneration.  In  these 
delicate  layers  Neisser  has  found,  besides  a  few  cocci,  a  special  form  of  bacillus, 
small,  elongated,  1  to  2  /i  in  length,  which  may  be  stained  %vith  fuchsin,  gentian- 
violet,  and  methylene  blue  in  a<]ueous  solutions,  and  also  thrives  in  pure  cultures. 
Leber,  who  confirmed  these  observationB,  noted  a  case,  along  with  Orth;  in 
which  the  liver,  kidneys,  intestine,  bronchial  mucous  membranes,  and  lunga 
showed  traces  of  a  spread  of  the  xerosis  bacilli  by  the  blood.  How  far  this 
bacillus  is  to  be  regarded  Jis  the  cause  of  the  coitdition  fouml  in  the  eyes, 
caunot  at  present  be  determined  with  certainty.  Exjterience  shows,  however, 
that  disturbances  of  the  general  nutrition  ia  of  great  importance  as  regards  the 
onset  of  this  disease. 
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22.  Spirillum  Clioler»  Asiatics 

The  great  havoc  which  cholera  has  wrought  all  over  the  world  makes  this 
disease  unusually  interesting-  It  is  true  that  it  seems  as  if  its  power  expired 
with  the  introduction  of  better  hygienic  measures,  V>ut  East  India,  the  endemic 
source  of  cholera,  still  constitutes  a  sUintling  danger  for  European  countries. 
This  explains,  therefore,  why  general  attention  was  so  greatly  excited  wiien  the 
first  reliable  information  concerning  the  pathogenic  microbes  of  cholera  was 
published. 

In  its  general  features  the  disease  resembles  many  serious  forms  of  in- 
testinal catiirrh,  which  occur  sporadically  in  countries  of  the  tempemte  20ne 
(cholera  nostras).  From  this,  however,  Asiatic  cholera  is  distinguished  by  its 
extremely  infectious  character,  it^  rapid  extension,  as  well  as  by  the  severity  of 
the  symptoms  aud  consequent  high  mortality. 

After  a  prtHlioitud  period,  which  may  last  one  or  two  day.%  or  be  al>sent 
altogether,  during  which  there  is  only  slight  disturbance  in  the  alimentary 
tract  and  general  malaise,  the  idgid  stage  or  stage  of  asph>/u:ia  sets  in  acutely. 
Severe  diarrhoea  and  intractable  vomiting  characterise  this  stage.  The  Ixxly- 
temperature  falls,  cramps  in  the  calves,  cyanosis,  apncea,  violent  thirst,  make 
their  appearance.  The  great  vomiting  and  diarrhcea  lead  to  a  loss  of  water 
from  the  blood,  and  this,  in  its  turn,  is  manifested  by  suppression  of  urine. 
If  de;ith,  with  the  symptoms  of  seveie  prostration,  does  not  occur  in  this  stage, 
which  lasts  one  or  two  day.s,  the  symptoms  improve,  the  stage  of  rmdimt  bogina. 
The  first  urine  which  is  now  ])assed  is  always  albuminous  and  turbid  and 
contains  cylindrical  casts  of  the  uriniferous  tubules  of  the  kidneys  (tube-casts). 
Determination  of  blood  to  the  head  takes  place,  with  redness  of  the  conjunctiva?, 
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kthaTjT,  h'=-3iij.;hc.  E-.-en  lott  ^  relapse  to  the  earlier  stage  of  asphrxu  mav 
VjLj^.  or  r.:..^''-' ','<•'.  ••:<  =et  in  iraduaily.  The  occuirtiice  of  &n  exantbem 
niiT  s-i-nctinirs  we  o'-'f^rrrcii  a:  this  sta^re.  This  cholera  exantfaem  appears  as 
re>i  ^r-jt=  on  the  skin,  sonietixnes  more  as  pale  or  slightly  reddened  scattered 
•rl-sviiiocs  on  ti-r  sirfi«  of  the  skin  (urticarial.  It  lasts,  as  a  nile,  from 
two  to  loar  davs. 

Liter  on  a  serl^*  of  5e»jue!ar  occcr — ^boils.  abscesses,  suppuration  of  the 
parotii  diphtheria  of  the  ciux>us  membranes  of  the  throat,  bronchial  catarrh. 
a5ec:ions  of  the  iui^.-^  and  p-eun^,  diphtheria  of  the  colon,  bladder,  and 
female  genital  orzan?.  and.  E:>st  important  of  all,  wAtfx  Vq^iOvL  The  first- 
mezitione<i  s^yjael:*;  ch:e'!v  iwint  to  i^/i/iV  and  p^fjiiti-  iuficti/ihi.  to  which  the 
body.  weakene»i  by  cholera,  is  exifjrsed  in  an  unusually  high  degree.  The 
cholera  typhoid  api-ears  tj  >^  due  rather  to  an  i/i'-.-jnAT/i-H  with  the 
abr.ormaI  chemical  proiTic^s  of  metabolism  which  has  been  disturbed  by  the 
cholera.  Perhaps  ::  is  alvj  the  meiawjiic  products  of  the  pathogenic  microbes 
of  cholera  which  give  ris*  to  the  i-ol?oa.  This  cholera  typhoid  appears  to 
occur  eii^rciaily  when  the  a^ections  of  the  kidneys,  which  will  be  inmiediately 
<\^^r.\^\.  are  very  severe,  so  that  the  excretion  of  the  pathological  metabolic 
pr>i::ct.i  tTytzn  the  b>iy  is  delayed  and  rendered  difficult.  The  symptoms  of 
cholera  typhoid  —  headache,  sieeplessness,  alimentary  disturbances,  vomiting, 
and  cramp  in  the  muscles — le-i  Frerichs  to  regard  cholera  typhoid  as  the  result 
of  acounulatioa  of  the  constituents  of  the  urine,  i.<.  ;is  wr.*rmia.  Nevertheless, 
all  experience  goes  to  show  that  not  oiJy  the  normal  cun-ti:uent.^  of  the  urine, 
but  also  other  me*.al:»'>l:c  j'rviucts  f«eculiar  to  the  cholera  prc«cess,  at  present 
less  known,  are  the  causes  of  the  condition.  On  y  ^i-i.i-Tf'.n,  examination,  at 
the  height  of  the  «ii5ease.  in  the  algi.l  stage,  there  is  remarkable  drjTiess  of  all 
the  tissues,  pnnctifom  and  more  extensive  hivmorrhages  in  the  various  organs, 
fre«r:ently  congestion  of  the  !:irig«,  pumlent  bronchial  catarrh,  c^ingestxon  of 
the  liver,  catarrh  of  the  bile-duct?,  marked  cloudy  swelling,  and  even  fatty 
degeneration  of  the  renal  epitheliunj.  The  splet-n  is  not  enlarge!  Eemark- 
abie  changes  in  the  alimentan-  can^U  are  associated  >vi:h  those  conditions.  The 
stomach  and  intestines  are  tilled  with  turbid  liuid  like  gruel  or  rice  water 
which  contains  n'jmerc-u?  shreds  of  intrstin.il  epithelium,  but  is  nearly  or  com- 
pletely free  from  bile  pigment.  I:  would  appear  that,  diuing  the  disease,  no 
bile  fiasses  into  the  intestine :  at  the  same  time,  the  intestinal  mucous  mem- 
brane is  redd^rned.  swolien.  studded  with  punctiform  hemorrhages,  and  the 
h-mph  f. 'Hides  and  Pey<:rs  patches  of  the  small  intestine  are  somewhat  enlarged. 

When  the  disease  has  lasted  longer,  those  conditions  are  altered,  in  so  far 
that  the  contents  of  the  intestine  lose  the  gruel-  or  rice-water-like  character  and 
become  brown  or  reddish-brown,  assuming  a  foul-smelling,  putrefactive  char- 
acter, while  the  mucous  membrane  of  the  intestine  not  infrequently  shows 
extreme  congestion,  su{>^rnoial  necrosis,  and  slou^hir.g. 

In  the  earlier  stages  of  the  disease  K.  Koch  :;u:id  a  peculiar  micro-organism, 
the  spirillum  chv^lenv  Asiatic;e.  in  ti.e  rioo-w;!.:er  contents  of  the  intestine. 
Further  researches  by  Koch  and  other  investigators  showed  that  this  micro- 
organism was  only  met  with  in  the  intestinal  vvntents  of  ch.>Iera  patients,  and 
j>enetra:ed  at  most  merely  into  t:io  ovonings  of  Liol»erkahn's  glands  and 
the  most  superficial  layers  of  tl'.e  ni-.;oos;i.  I:  is  no:  found  in  the  later  stage*; 
of  the  disease,  when  putrefactive  decomp'j'siti.-ii  of  the  intestinal  contents 
has  set  in. 

The  .t/'iV/f'?' ,;  r'- "-  r  .-!<>■'!■  r.v,  also  called  tl.o  comma  Kicillus.  is  a  faculta- 
tive asrobic  rod,  1  to  _  «  Iohl:.  and  somewhat  Wr.t,  which  oocuk  invariablv  in 
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the  intestinal  contents  of  cholera  patients,  sometimes  in  veiy  large  numbers. 
It  may  bo  cultivated  pure  in  neutral  and  slightly  alkaline  nutrient  media  of 
various  kinds — houillonj  gelatine,  agar,  or  blood-serum  —  at  a  temperature 
of  25  to  40  C,  wliile  it  only  develops  slowly  at  low  temi>eratureg.  In  the 
course  of  twenty-four  iiours  gelatine  plate  cultures  form  small,  pale  droplets, 
Avith  an  iiTegular  nodidai*  margin  and  slightly  graoidar  surface.  Later  on,  the 
granular  appearance  becomes  more  distinct,  and,  after  seventy  to  seventy-five 
hours,  is  so  very  pronounced  that  the  colonies  may  be  compared  to  heaps  of 
small  fragments  of  glass  (R.  Koch),  At  the  same  time,  the  gelatine  becomes 
slowly  li<piefied,  so  that  the  colonies  sink  somewhat.  This  sinking  is  much 
more  noticeable  in  puncture  cultivation.  If  a  test-tube  with  nutrient  gelatine 
be  inoculated  by  puncture  with  a  platinum  needle,  previously  brought  into 
contact  with  cholera  bacilli,  a  colony  forms  along  the  track  of  the  needle 
and  causes  the  gelatiue  to  liquefy  gradually  along  it.  By  the  liquefaction  of  the 
gelatine,  the  lino  of  inoculation  is  afterwards  transformed  into  a  funnel,  open 
alxjvc,  which,  however,  is  only  partly  occupied  by  liquefied  gelatine  and  the 
colony.  The  ui)per  part  of  the  funnel  is  emi)ty,  evidently  in  consequence  of 
the  loss  of  volume  brought  about  by  the  rapid  evaporation  of  the  liquefied 
gelatine. 

The  growth  of  the  cholera  spirillum  on  other  nutrient  media  is  less  char- 
acteristic. On  agar,  it  appears  in  the  form  of  gray  vegetations,  afterwards 
becoming  light  yellow,  without  liquefaction  of  the  nutrient  medium.  On 
boiled  potato  the  cholera  spirilla  grow  as  a  grayish-browTi  layer;  in  dis- 
tilled water  they  die  ;  in  ordirjary  water  they  remain  alive  for  many  days,  and, 
ill  certain  circumstances^  may  even  multiply.  More  or  less  luxuriant  growth 
takes  phtce  also  in  meat-broth,  blood-seiiim,  milk,  or  on  moist  linen  contaminated 
with  cliolera  stools. 

In  pure  cultures  the  curved  cholera  microbes  are  grouped  in  shorter  or 
longer  spirals  (Plate  IV.,  Fig.  a)  which  ju.'itify  the  term  spirillum.  The 
individual  curved  rods,  however,  show  active  movement,  and  therefore  belong 
to  those  varieties  which  have  been  termed  vibrios.  Spore  formation  cannot  be 
demon.strated.  It  can  thus  be  easily  understood  that  simple  drying  kills  those 
microbes  in  a  short  time,  since,  in  general,  it  is  only  the  resistant  spores  of 
bacteria  that  can  survive  drying. 

Heating  to  100'  C.  also,  as  well  as  mineral  acids,  corrosive  sublimate, 
and  carbolic  acid,  destroy  these  microbes  ea.sily.  Eujvvid  has  shown  that  a  red 
colour,  ihohra  red,  develops  in  cultures  of  the  cholera  spirillum  in  bouillon  on 
the  atldition  of  hydrochloric  acid.  This  reaction  points  to  the  presence  of 
Indol  and  appears  in  cultures  of  several  other  microbes  also. 

The  attempt-s  to  produce  cholera  artificially  in  animals  are  of  interest. 
Those  first  made  by  Koch  were  unsuccessful.  When  portions  of  cholera  stools 
or  pure  cultures  of  tlie  spirilla  are  introduced  into  the  stomach  along  with 
the  food  or  by  means  of  the  stijmacli  tube,  the  spirilla  are  [)robal>ly  killed 
by  the  acid  contents  of  the  stomach  of  the  animal.  Nicati  and  Kietsch  there- 
fore injected  choleni  cultures  directly  into  the  small  intestines  of  rabbits  and 
guinea-pigs  and  thus  produced  cholera-like  diseases  in  these  animals.  More 
recently  K.  Koch  succeeded  in  causing  the  infection  of  animals  by  means  of 
food,  without  any  ojieration,  by  neutralising  the  contents  of  the  st*>mach  with 
carbonate  of  soda,  and,  at  the  same  time,  retaiding  the  intestinal  peristalsis 
by  opium.  In  those  cases  tt^e  cholera  spirilla,  introiluced  with  the  food  into 
the  stomach,  pass  into  the  small  intestine  alive  and  exist  here  long  enough 
to  multiply  sufficiently  to  produce  the  disease. 
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Tte  fecuhs  id  tbese  ezperioBCDte  nmind  ha  UMt»  in  choien  eptdenie^ 
anihr  eoDditiom  are  often  pwMttL  La«g  belore  tlie  diMororj  of  tke  cliolaa 
spirilla,  it  was  obterred  tliat  the  vktiiiii  of  Uie  diKMe  were  inostij  tkore 
wbov  daring  diolen  qtidenuoL,  vere  gniTaiiig  fron  ■1iii'iiitJi|  <timirlMHCB» 
m  tiie  remh  of  aome  form  of  ezceaa.  The  ezperancitts  Jire,  hawexer^  not 
atwobtely  conclnshre,  sinee  as  yet  no  axumal  is  knovn  wliidi  boooaies  tSttbtd 
hy  trne  cholera  bj  naturaJ  aaeaoL  AnimaU  ^ipear  to  bo  inwMme  to  cholen. 
Thenlorar  if  the  spiriOniii  in  gnretioo  be  wA  rqganled  »  the  fMitbogeiuc 
oi^mifin  of  Aiiatie  ehokn  on  the  atnnigth  of  whA  baa  been  taid  abov*  aiail 
on  the  groond  of  other  experimentn^  it  nmai  remain  doubtfol  whether  the 
artificially  pfodoeed  dieeaee  is  read  cholen.  It  has  also  been  proTod  thnt 
other  ori^uiiania,  such  at,  for  instance,  the  Xeapolitan  cholera  bacilli  of  Emmerich, 
canae  timilar  trmptotzu  of  disease  in  animals,  perhaps  in  a  more  intense  degree. 
The  proof  of  the  pathogenic  importance  of  the  cholera  spiriUa  of  R.  Koch 
shodd  therefore  much  rather  be  baaed  on  its  invariable  presence  in  recent 
casea  of  cholera  in  man,  and  on  its  absence  in  healthy  persons  or  in  those 
otherwise  diseased. 

If  it  be  considered  that  the  normal  contents  of  the  intestine  in  man 
abound  in  micro-organisms,  one  cannot  help  attributing  to  them  great  import- 
aoee  in  the  digestive  process,  and  a  kind  of  symbiosis  between  man  and  Uiese 
organisms  must  be  assumed.  Cholera  ioiec  tion  disturbs  these  important  relations, 
and  it  is  therefore  comprehensible  that  very  serioos  symptoms  of  disease  may 
thns  originate.  Pettenkofer's  researches  have  already  shown  that  it  is  necessary 
to  aasame  the  presence  of  a  tmit^vjium  virum  in  cholera.  If  we  consider  that 
this  is  afforded  by  the  spirillum  cholera;  Asiatacae,  we  may  assume  that 
these  bacilli  give  rise  to  abnormal  decomposiUooa  in  the  contents  of  the 
intestine,  by  which  chemical  bodies  which  act  as  poisons  are  set  free.  Nicati 
and  Rietsch,  Klebs  and  Lange,  Pouchet  and  others  have,  as  a  fact,  found 
poisonous  alkaloid-like  l>odie*  in  cholera  subjects  after  death,  and  in  pure 
culture*  of  cholera  spirilla.  Although  these  chemical  researches  cannot  be 
regarded  as  concluded,  still  they  support  the  view  just  advanced.  The  cholera 
poisons  are  thus  to  be  held  responsible  for  the  injuries  to  the  functions  of  the 
intestine  and  the  anatomical  structure  of  the  intestinal  %\'all  as  well  as  for  the 
general  disease.  They  excite  intestinal  peristalsis,  produce  severe  catarrhal 
sjinptoms,  extreme  congestion  of  the  capillaries  of  the  intestinal  walls,  great 
watery  exudation  from  the  latter  into  the  lumen  of  the  intestine,  and  sloughing 
of  the  intestinal  epithelium.  The  great  discharge  of  thin  fluid  from  the  in- 
testine rapidly  brings  about  such  extreme  inspissation  and  loss  of  water  in  the 
blood  of  the  patient,  that  the  circulation  of  the  blood  is  disturbed,  the  oxy- 
genation of  the  tissues  suffer,  and  secretion  of  urine  is  arrested.  These 
secondary  disturbances,  which  ought  not  to  be  underestimated,  are  principally 
kept  Uf>  hy  the  passage  of  the  poisonous  substances  of  the  intestinal  contents 
into  the  blood. 

The  properties  of  the  spirilla  choleraj  Asiatica*.  just  described  explain  not 
only  the  phenomena  of  tho  disease,  but  also  the  peculiarities  of  its  spread. 
Since  the  choleni  spirilla  form  no  permanent  spores  they  can  only  live  in 
moist  environments  and  in  water.  Contaminated  drinking  water  is,  accord- 
ingly, the  means  by  which  the  infection  is  spread  in  many  cases,  and  is  the 
cause  of  limited  and  more  extensive  outbreaks  of  cholera.  Afterwards  the 
further  dissemination  of  the  disease  throughout  the  world  distinctly  follows 
the  great  international  highways  of  communication,  it  is  evident  that 
travellers  who  are  suffering  from  latent  or  developed  cholera,  and  sheltering 
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the  nmtoqiinn    nnnn  from   drying  in   their  intestine,  carr}'  it  witli   them  to 
widely  separated  localities. 
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23.  8piTocbk»be  Ob«nneieri  ( Relapsing  feyer) 

Kelapsing  fever,  or  febris  re<;urrens,  is  a  contagious  disease  distinguished, 
in  the  tir^t  place,  l>y  its  peculiar  pyroxial  course.  It  consists  of  a  fevev 
which  sets  in  rapidly  with  a  high  terai>erature  and  lasts  from  five  to  seven 
days;  following  those  there  is  an  interval  of  four  or  five  days  T^vithout  fever 
or  even  with  a  subnormal  temperature.  After  this,  as  a  rule,  a  second  pyrexial 
attack,  lasting  three  to  five  days,  generally  occurs,  and  after  a  second  apyrexial 
period  there  is  sometimes  a  third  febrile  attack.  Not  infrequently  jaundice 
oecuTB  during  the  course  of  the  disease.  As  in  many  other  acute  infective 
diseases,  there  is  cloudy  swelling  of  the  heart-musele,  liver,  and  kidneys  ;  the 
spleen  5*  greatly  enlarged,  tense,  and  congested,  and  there  is  fret|uently  cloudy 
swelling  of  the  voluntary  muscle*.  Besides  these  constant  conditions,  white 
or  yellowish -white  foci  of  varying  size  arc  observed  in  the  spleen  more 
frequently  than  in  other  acute  infections,  as  was  fii-st  remarked  by  Kiittner. 
These  are  very  small  degenerated  areas  whicb^  in  the  Malpighian  bodies, 
may  attain  the  size  of  a  pin-head  or  larger.  Sometimes  they  are  found  in 
the  spleen  pulp  also,  and  then  attain  the  size  of  a  pea  or  hazel-nut.  These  foci, 
which  are  possibly  caused  by  septic  and  pyiemic  mixed  infections,  also  occur  in 
the  bone -marrow,  according  to  the  researches  of  Ponfick,  In  many  cases 
the  disease  terminates  in  recovery.  In  severe  forms  the  heait-muscle  appears 
to  suffer  specially.  In  addition  to  finely  granular  albuminous  and  fatty  degenera- 
tion of  the  heart-muscle  fibres,  a  division  into  peculiar  prismatic  fragments, 
corresponding  to  the  muscle  cells  which  compose  the  muscle  fibre,  is  observed. 
Acute  affections  of  various  kinds  in  the  lungs,  occurring  subsequently,  are 
not  infrequently  the  immediate  cause  of  death. 

In  the  blood  in  relapsing  fever  Obermeier  discovereil,  in  1873,  a 
spirochiote  in  the  Bhaj>e  of  fine  spiral  filaments  which  showed  no  indication 
of  being  composed  of  small  joints,  as  was  seen  in  the  spirillum  of  cholera 
(Plate  IV.,  Fig.  b).  The  narrow  spirals,  which  arc  closely  twined,  arc  from  one  and 
a  quarter  to  five  times  the  diameter  of  a  red  blood  corpuscle  in  length,  thus 
measuring  1 4  to  40  /a.  They  can  only  be  observed,  however,  during  and  shortly 
before  the  febrile  attacks,  and  then  not  only  in  the  blood  of  "the  large  vessels, 
but  in  the  smaller  vessels  and  the  capillaries  of  the  organs,  especially  the  spleen. 
In  fresh  blood  they  show  active  movement,  rotating  round  the  axis  of  the  spiral, 
and  thus  gliding  forwards  with  slight  lateral  movements.  Pure  cultures 
have  not  as  yet  been  satisfactorily  obtained.  The  patht>genic  significance  of 
Oliormeier's  spirochete  is  beyond  doubt,  however.  Their  invariable  and 
abundant  presence  in  the  blood  during  and  immediately  before  the  attacks  of 
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fever,  their  disappearance  during  the  apyrexial  periods,  their  absence  from 
the  blood  m  health  leave  no  doubt  on  this  point  Besides  this,  Motschutkowsky 
has  produced  the  disease  artificially  in  man  by  inoculation  with  blood  containing 
the  spirilla.  Koch,  Carter,  and  Metschnikoff  have  done  the  fiame  in  monkeys. 
After  those  experiments  one  must  admit  the  possibility  that  the  disease  may 
be  conveyed  to  man  by  the  stings  of  Heas  and  other  insects,  since  overcrowding, 
especially  among  the  poor,  dirty,  and  mider-fedf  appeara  to  play  a  considerable 
part  ill  its  spread,  as  is  the  case  with  leprosy. 
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24.  Leptothrix  Buccalie 

In  the  fluids  of  the  mouth  and  in  the  tartar  round  the  teeth,  it  can  be  easily 
understood  that  a  great  number  of  microbes  of  different  varieties  should  be 

constantly  present.  These  aru 
cocci  and  bacilli,  curved  rods 
similar  to  the  comma  bacilli  of 
cholera,  and  also  the  spirochiete 
ilenticola,  which  cloaeh^  resembles 
the  spiroch;t?te  Obermeieri,  etc., 
(Fig.  37).  It  is  only  the  lepto- 
thrix  buccalis,  however,  which 
apl>ears  to  be  of  much  import- 
ance. In  the  mucus 'which  clings 
to  the  tongue,  the  teeth,  and 
other  |Xirtions  of  the  internal 
surface  of  the  mouth,  this  forms 
bundloB  and  tuft^  of  slightly 
waved  or  straight  filaments  (Fig. 
37).  The  breadth  of  these  fibres 
is  about  1  fXy  sometimes  greater 
and  sometimes  somewhat  smaller; 
0'8  to  1*2  /t  may  be  assumed  as 
the  limit.  The  length  of  the 
filaments  is,  however,  very  con- 
siderable ;  I  have  found  some  0*3  ram,  long.  Wlien  unstiuned,  the  filaments 
show  no  distinct  segmentation ;  they  appear  as  fine,  round  tubes  with  slightly 
refractile  contents,  in  places  showing  fine  granules.  These  granules  become 
blue  on  the  addition  of  a  solution  of  iodine  and  potassium  iodide,  with  or 
without  .sulphuric  acid,  in  the  same  way  as  starch.  The  sjune  reaction  is  found 
also  in  tlie  finely  granular  substance,  which  does  not,  however,  consist  of  cocci, 
in  which  the  lefitothrix  filaments  lie  embedded.  After  staining  with  aqueous 
methylene  blue  no  segmentation  can  be  recognised  in  many  leptothrix  fila- 
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menta.  The  larger  filaments,  however,  show  that  they  are  made  up  of  numerous 
rods  (Fig.  37). 

The  leptothrix  filament  is  also  fonn<l  in  the  tartar,  the  yellow  anti  brown 
secretion  containing  calcareous  matter  which  forms  round  the  teeth.  It 
has  been  fissumed  that  the  leptothrix  filaments  excrete  the  calciireous 
particles.  The  organisms  are  invariably  present  in  such  quantities  in  the 
tartiir  that  this  becomes  blue  when  treated  with  iodine.  The  leptothrix  lias 
also  been  regarded  as  the  cause  of  caries  of  the  teeth.  It  is  well  known 
that  cavities  are  formed  in  the  teeth,  and  that  the  canaliculi  of  the  dentine 
open  into  the  walls  of  these  cavities.  In  the  canalicnli  finely  granular  substances 
iire  found  which  become  blue  when  iodine  is  added,  while,  on  the  suriace  of 
the  decayed  part,  luxuriant  vegetations  u\  leptothrix  fiourish. 

If,  however,  the  fact  be  considered  that  many  people  are  free  from  caries 
of  the  teeth,  and  also  that  it  is  very  seldom  that  all  the  teeth  are  diseased  in 
one  individual,  the  cause  of  the  caries  must  be  looked  for  in  a  peculiar  condition 
of  the  teeth.  It  is  possible  that  a  pathological  condition  of  the  teeth  provides 
the  conditions  which  enable  the  leptothrix  to  attack  them. 

Lastly,  it  should  be  mentioned  that  leptothrix  filaments  are  found  in  concre- 
tions which  contain  carbonate  of  lime  in  the  cryptii  of  the  tonsils,  in  the  salivary 
and  lachrymal  ducts,  the  urinary  passages,  and  in  gangrenous  foci  in  tite  hnigs. 
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25,  AcimomyoeB  Homiiiis 

The  researches  of  Bollinger,  Harz,  J.  Israel,  and  Ponfick  have  been  the 
raeuns  of  explaining  the  etiology  of  a  peculiar  disease  occtirring  in  man, 
cattle,  and  horses,  characterised  by  the  development  of  large  tumonrdike 
masses  of  tissue.  The  cause  of  the  disease  is  a  fungus  which  received 
from  Harz  the  name  of  actinomyces  (ray  fungus)  on  account  of  the 
pecuh'ar  formation  of  the  colonies  formed  by  it  in  the  diseased  tissues, 
The  most  recent  author  on  this  subject,  Boatroem,  considers  actinomyces  as  a 
special  variety  of  cladothrix. 

The  colonies  of  the  actinomyces  may  be  seen  with  the  naked  eye  as 
granules,  the  size  of  a  poppy  seed,  not  infrequently  calcified.  Under  the 
microscope  they  show  a  radiating  nrrangement.  The  details  of  their  structure, 
however,  are  only  to  be  recognised,  as  a  rule,  after  proper  sttiining  (rjram's 
method),  if  necessary  after  previous  decalcification.  Finely  granular  centres 
(Plate  IV,,  Fig.  e)  may  l>e  recognised  in  such  stained  preparations,  round  which 
the  individual  filaments  of  the  fungi  are  arranged.  Tiiese  filaments  are  ckb- 
shaped,  rounded  at  their  free  ends  (Plate  IV.,  Fig.  </),  frequently  somewhat 
segmented,  sometimes  branched.  In  some  places  the  radiating  stiiicture  of 
the  masses  (or,  as  it  has  been  called,  the  colony)  is  interrupted,  so  that  single 
filaments,  and  others  slightly  intertwined,  extend  from  the  radially  striated  mass 
into  the  surrounding  tissue.  Bostroem,  therefore,  was  correct  in  describing  the 
colonies  in  actinomyces  as  hollow  hemispheres,  from  the  concave  sides  of  which 
fungus  filaments  grew  out.  In  older  actinomyces  bodies,  on  the  other  hand, 
the  centre  of  these  hemispherical  masses  contains  the  finely  granular  degenerated 
remains  of  the  filaments. 

In  the  neighbourhood  of  these  colonies  of  actinomyces,  a  rounded  area  of 
newly  formed  connective  tissue,  richly  provided  witli  lymphoid  and  epithelioid 
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cells,  is  usually  found.  These  cellular  foci,  iWth  the  centrally  situated  patch  of 
fungi,  become  encircled  with  more  or  less  well-muiked  processes  of  tirm,  fibril- 
lated,  cicatricial  tissue^  wliich  are  sometimes  very  extensive.  In  this  way  there 
arise  firm  tumour  masses  of  various  sizes,  which  may  have  some  similarity  to 
the  sarcomata  afterwards  to  be  described.  This  siniihirity  is  still  greater  if  the 
tumour  lie  situated  on  the  bones,  say  the  under  jai,v,  and  becomes  partly  ossified, 
or,  at  least,  surrounded  by  a  cortex  of  bony  tissue.  In  other  cases,  the  newly 
fi)rmed  masses  undergo  mucoid  or  puriform  softening.  More  or  less  extensively 
ramifying  sinuses,  filled  with  mucopurulent  fluids,  are  then  formed  and  may 
involve  a  large  portion  of  the  organ. .  The  walls  of  these  sinuses  are  formed 
by  the  degenerating  masses  of  the  cellular  new  formation.  Colonies  of 
actinomyces,  visible  even  to  the  naked  eye  as  rounded  light  yellow  granules,  are 
found  in  the  walls  of  the  sinuses  as  well  as  in  their  Htiid  contents.  Their 
presence  is  absohitely  characteristic  of  the  disease. 

As  regards  the  developmental  history  of  the  colonies  of  actinomyces,  I  maj- 
point  out  that,  immediately  round  and  at  some  distance  from  the  larger  colonies, 
single  branching  fungus  filaments  are  sometimes  seen,  as  well  as  star-shaped 
masses  made  up  of  such  filaments  (Plato  IV.,  Fig.  c).  It  would  appear  ius  if  single 
filaments  from  the  large  colonies,  especially  from  the  primary  focus  of  infection, 
penetrate  into  the  tissues,  and  thus  form  the  starting-point  far  the  forraatirm  of 
new  colonies. 

O.  Israel  was  the  first  to  succeed  in  making  a  pure  culture  of  actinomyces, 
and,  more  recently,  Bostroem  hiis  investigated  the  parasite  more  thoroughly. 
By  using  a  modification  of  the  plate  method,  he  succeeded  in  separating  the 
actinomyces  from  contamination  with  other  microbes,  and  obtaining  growths  on 
gelatine,  agar,  and  coagulated  blood-serum.  On  artificial  Dutrient  media  the 
colonies,  when  fully  developed,  after  about  twenty -eight  days,  form  small, 
bright,  rose-red  nodules,  near  which  a  fine,  fleecy,  white  network,  consisting  of 
branching  filaments,  with  an  indistinctly  radial  arrangement,  can  be  seen.  The 
actinomyces  appeal's  as  a  facultative  anaerobic  organism,  wliieh  thrives  best 
at  3'i  to  37 '  C,  but  grows  slowly  at  room-temperature.  It  is  composed  of  branch- 
ing threads.  Its  branches  consist  of  solitl,  uniform  tubes  which  break  op  into 
rounded  granules,  the  ^pmes,  by  continued  transverse  division.  The  chib-shaped 
swellings  of  the  terminal  seguients  is,  however,  the  result  of  a  gelatinous  swelling 
of  the  capsule  of  the  filaments.  From  the  spores  new  filaments  are  formed  by 
simple  geiTuination,  and  these  may  become  the  starting-point  for  the  formation 
of  new  colonics  (Bostroem). 

The  disease  is,  in  many  cases,  produced  by  the  penetration  into  the  tissues 
of  one  or  more  bristles  from  the  ears  of  cereals,  especially  barley,  as  has  been 
shown  by  Ponfick,  Johne,  Bang,  Soltmann,  and  Bostroem.  These  pierce  the 
tongue,  the  mucous  membrane  of  the  cljeek,  the  gums,  the  walls  of  the  omo- 
phagiis,  and  thus  servo  to  carry  in  the  germs  of  the  actinomyces  present  in 
the  barley.  In  other  cases,  less  clearly  exjjlained,  the  bronchial  mucous  mem- 
brane, the  pulmonary  tissue,  the  intestinal  mucous  membrane,  are  the  first  sites 
of  infection.  The  disease  then  extends  subsequently  to  the  pleura,  the  peri- 
cardial sac,  the  Hver,  the  spleen,  and,  especially,  to  the  muscles  and  subcutane- 
ous soft  parts  of  the  thorax,  the  axillee,  and  the  back,  giving  rise  to  numerous 
branching  fistula,  filled  with  a  puriform  substance. 

By  what  means  the  primary  infection  of  the  lungs  and  intestine  is  produced 
can  only  be  conjectured.  If  the  ears  of  barley  really  harlxtur  the  parasite  in 
a  free -living  condition,  inhalation  of  or  .swallowing  the  spores  might  be 
thought  of.     In  this  case,  however,  more  numerous  attacks  of  the  disease  might 
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be  expected.  It  must  tlierefore  be  assumed  that  the  spores  only  find  the  con- 
ditions for  their  development  in  man,  when  a  foreign  body  which  has  entered 
at  the  same  time  gives  rise  to  a  long- continued,  though  very  circumscribed, 
l>atliological  lesion.  The  disease  has  been  successfully  transmitted  by  iuocidation. 
It  ought  to  be  mentioned  that  similar  affections  also  occur  in  s^vine,  and 
also  that  tumour- Eke  masses  of  connective  tissue  {niiindesmmd^  Johiie)  form 
in  horses,  as  a  consequence  of  the  growth  of  a  peculiar  grape-  or  mulberrj- 
shaped  micrococcus,  surrounded  by  a  gelatinous  envelope  {micrococcus  iiscofcrmuns, 
Johne  ;  titkrocva^us  hotryogaimy  Ilabe). 
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II.  Yeast-Fungi  (Blast omycetes)  and  Mould-Fungi  (Hyphomycetes) 

Tlie  yeast-  and  mould-fungi  are  distinguished  from  other  schizomycetes  by 
their  mucli  greater  size.  The  essential  point  of  distinction  between  the 
mould-  and  yeast-fungi  and  the  schizomycetes  is,  however,  not  their  size,  but 
rather  the  fact  that  the  former  belong  to  a  different  class  which,  it  is  true, 
includes  many  very  simply  constituted  varieties,  but  higher  forms  of  which 
show  a  differentiation  of  cells  into  various  organs.  Like  the  fission-fungi  or 
schizomycetes,  the  yeast-  and  mould-fungi  also  appear  as  vegetable  organisms 
without  chlorophyll  Many  of  them  grow  on  dead,  organic  substances  and 
appear  as  saproj>hytcs,  giving  rise  to  various  processes  of  decomposition  and 
degeneration  in  their  nutrient  media.  Other  varieties  of  fungi  combine  with 
organisms  of  a  differt'iit  kind,  the  algfe  for  instance,  by  a  process  of  symbiosis, 
and,  in  this  way,  sometimes  form  peculiar  growths  which,  in  the  case  of  the 
algse,  are  termed  lichens  (de  Bary,  Schwendener).  In  symbiosis  each  organism 
18  necessary  for  the  life  of  the  other.  Between  the  human  organism  and  the 
micro-organisms  of  the  nonnal  intestinal  contents  such  a  coiulition  of  symbiosis 
may  be  regarded  as  existing,  as  was  already  mentioned  in  the  description  of 
cholera.  Symbiosis,  therefore,  is  not  a  peculiarity  which  would  form  a  general 
distinction  between  fission -fungi  on  the  one  hand,  and  yeast-  and  moidd-fungi 
on  the  other. 

In  many  cases,  symbiosis  passes  without  sharp  demarcation  into  parasitism, 
into  a  condition  in  which  the  one  organism  is  necessary  for  the  life  of  the  other, 
but  the  other  is  not  in  an  equally  dependent  relation.  The  victim  of  the  parasite 
often  suffers  direct  injur}'  which  may  amount  to  disease.  The  parasite  i.s  then 
pathogenic.  Thus,  among  the  yeast-  and  mould-fungi,  many  pathogenic  and 
non-pathogenic  parasites  are  found  living  in  and  upon  the  human  body. 
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1.  Yeaata 

The  yeasts  are  the  most  simply  organised  of  the  fungi.  Among  them  the  most 
common  and  best  known,  as  well  as  the  most  unmistakable  as  regards  their  posi- 
tion in  the  class,  are  the  yemi^  the  mi/codcrma  mti,  and  the  siicchnnimyceji  cernisi(r;^ 
whicln  produce  the  alcoholic  fermentation  of  wine  and  beer.     These  yeasts  are 

cells,  rounded  or  slightly  elongated,  which  show  no 
^^  S^^  definite  structure  except  that  they  occasionally  have 

^^  Ce9         vs2^  _      one  or  more  small  vacuoles.     They  multiply  in  a 

very  characteristic  manner.  A  small  |irojection  ur 
bud  appears  on  the  surface  of  the  cell,  which,  be- 
coming gradually  larger,  assumes  the  shape  of  a 
daughter  cell.  The  daughter  cell  may  then  part 
from  the  mother  cell,  so  that  the  one  cell  becomes 
two  independent  cells.  In  other  cases  the  daughter 
cell  remains  connected  with  Lhe  mother.  From  the 
daughter  cell,  however,  a  new  cell  is  formed  by  the 
.same  budding  process,  and  this  process  may  occur 
repeatedly,  so  that  linked  chains  of  buds  may  be 
formed,  as  is  seen  in  Fig.  38. 

Such  yeasts  are  occasionally  found  in  the  stomach,  where,  however,  they  are 
of  no  great  importance  as  exciting  causes  of  disease.  Their  presence  in  urine 
containing  sugar  in  diabetes  has  also  been  mentioned,  but  I  have  never  been 
able  to  convince  myself  of  this. 
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3.  Oidium  Albicans  (Thrutli) 

In  many  cases  of  serious  illness,  especially  those  which  are  associated  ^nth 
great  loss  of  strength^  a  white, 
easily  detached  coating,  in 
which,  as  Robin  showed,  a 
peculiar  fungus  is  contained,  is 
found  on  the  mucous  membrane 
of  the  resophagus,  pharynx, 
mouth,  and  other  situations. 
It  consists  of  elongated  cells 
combined  to  form  branching 
filaments.  The  filaments  form 
a    thick    network    (u^i/aUumX 


0( 
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lying  loosely  upon  the  mucous 
membrane ;  sometimes,  how- 
ever, thoy  also  penetrate  the  most 
superficial  layers  of  the  epi- 
thelial covering  (Fig.  39).  Be- 
tween the  mycelium  filaments 
there  invai'iably  lie  numerous 
shed  epithelial  cells  and  micro- 
organisms of  various  kinds,  in 
addition  to  shining  spherical 
cells,  partly  single,  partly  united 
in  small  groups.  Cells  exactly 
similar  are  sometimes  found  inserted  in  the  chains  of  cells  of  the  mycelium. 


Fio.  8i)._0idlun)  alblcaus.     Mfcellnm  filometits  and  coiildio- 
npores  ftoiu  a  Uiru»h  n)«tnbnine  of  the  csaoplugiis.    x  i!>0. 
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The  oidium  albicans  has  not  been  observed  to  penetrate  more  deeply  into 
the  mucous  membranes,  but  some  facts  will  be  mentioned  later  which  are 
supposed  to  indicate  that  it  does  penetrate  deeper.  Thrush,  however,  often 
causes  considerable  trouble,  especially  in  children.  \\*o  owe  the  first  accurate 
investigations  to  Grawitz,  and  these  were  suhaequently  confirmed  by  Kehrer, 
Bapnsky,  Klenipt-rer,  and  others.  According  to  these  researches,  the  oidium 
albicans  occurs  in  two  forms — in  the  form  of  a  blastomycete  and  in  the  form  of  a 
hyphomycete,  which  occasionally  becomes  constricted  and  casts  ofi'  rounded 
portions  which  may  be  regarded  as  spores  (conidio-spores),  since  ttey  are  able 
to  generate  new  mycelium  filaments.  The  filamentous  variety  of  the  oidium 
albicans  vs.  specially  to  be  observed  in  watery  nutrient  media  containing  little 


Pui.  40.— OiiUuni  alblcanH.    ti,  As  grown  in  <]UnU>  i1ui<l  cotiUSuIdib;  little  »U)(Br  ;  h  and  c,  obUinrd  tro\n  «  CMlttun 
in  ■  medium  with  a  Urge  pmporttou  of  sugar,  mycclift  producing  ycnut-liko  bodies  (iiltor  OmwIU). 


while  the  yeast-like  form  predominates  on  slices  of  apple,  potato,  and 
similar  substrata  (Fig.  40,  i,  c). 

These  results  explain  in  a  very  simple  manner  the  connection  between  the 
blostomycetes  and  the  hyphomycetes.  The  mycelium  filaments  here  appear  as 
a  mollified  chain  of  buds,  produced  by  a  growth  in  length  of  the  individual 
cells  which,  in  their  tui'n,  are  able,  under  suitable  conditions,  to  give  rise  to 
budding.  According  to  Grawitz,  the  oidium  albicans  is  identical  with  the 
mycoderraa  vini,  described  by  Cienkowski. 
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3.  Microsporon  Furfttr 

i^^rioMS  wraico^  or  iltYmniinmjrAim  fmjxiracta  is  the  name  given  to  an 
UTHinportaTit  skin  affection  which  occurs  specially  in  tubercular  subjects,  but 
ako  in  individuals  who  are  otherwise  healthy.  Yellowish-brown  or  brown 
spots,  on  the  surface  of  which  the  epithelium  exfoliates  in  fine  scales,  appear  on 
the  breast  or  the  back  or  on  other  parts  of  the  body  wbich  are  covered  b\-  the 
clothes.  The  microscope  shows  a  finely  lamellar  separation  of  the  epidermis, 
and  between  the  loosened  layers  of  epidermis,  a  hyphomycete  which  sometimes 
penetrates  as  far  as  the  rete  Malpighi.     It  consists  of  a  segmented,  branching 
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FtG.  41.— MJerosporan  fttifar.    Stained  with  ntetliylene  blue,  mounted  In  Cuuid*  batum.  xSSd 

mycelium  and  very  numerous  round,  shining  conidio-spores  (Fig,  41).  By 
means  of  puie  cultures,  Grai^itz  arrived  at  the  conclusion  that  in  this  hypho- 
mycete the  conidio-spores  do  not  arise  hy  budding,  but  by  transverse  division 
of  the  cells  of  the  mycelium.  Tlie  fungus  of  pityriasis  versicolor  would  there- 
fore be  closely  connected  with  the  oidium  lactis. 


4.  Achorion  Schonleini 

This  hyphomycete,  which  was  foimd  by  Schonlein  in  1839  in  the  crusts  of 
favus,  strongly  resembles  the  microsporou  furfur.  It  consists  of  a  branching 
mycelium  which  generates  conidio-spores  (Fig.  42), 

Tinta  favosa  or  farus  is  found  on  the  parts  of  the  Ijody  covered  with  hair, 
especially  on  the  head.  Small  yellowish  scales  are  formed,  consisting  of 
epidermal  cells  and  patclies  of  fungus  under  the  most  superficial  layei-s  of  the 
skin  surrounding  the  hairs.  As  the  litt!e  discs  or  scutiila  become  larger,  the 
most  superficial  layers  of  the  epidennis  covering  thcra  disappear  or  become 
torn.     The  favus  scutuluni  then  lies  exposed.     It  appears  as  a  concave  disc, 
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hollowed  in  the  middle,  formed  of  a  yellow  crumbling  substance  and  transfixed 
hy  a  hair.  If  the  favus  acutulum  be  removed,  a  moist  red  spot  is  left,  which 
is  still  covered,  however,  by  the  deeper  layers  of  the  depressed  rote  Malpighi. 
The  fungus  also  penetrates  the  layers  of  the  hair-root  sheaths  and  the  hair- 
roota,  so  that  the  hairs  become  loosened  and  easily  fall  out. 

The  favus  fungus  may  be  cultivated  by  the  methods  of  Grawitz,  Quincke, 
and  others  on  agar,  gelatine,  potatoes,  and  other  nutrient  media.  It  then  forma 
a  niyceliumj  consisting  of  segmented,  branching  lilamenta  which,  at  different 
places,  generate  conidio-spores  (Fig.  43).  This  fungus  has  not  as  yet  been 
differentiated  from  the  ]irevious  form  with  absolute  certainty. 

lu  many  persons  great  malformation    of   the    nails   is   found    with    the 
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formation  of  yellow  crusts  containing  the  same  hyphomycete  {(}nijchomyams 
favosf.i), 

Similai-  varieties  of  fungus  have  been  demonstrated  in  U(n}tts  tonsurans 
{Tricophf/toti  tomuram)^  Ontjchumtfcosis  tonsurans^  Sycom  paratiUaH^t,  Eczetiui 
marpymhim^  and  in  many  other  skin  diseases. 

A  hy[>homycete  (Chi^jtiffjJte  CartfTi)  wjis  discovered  by  Carter  in  Madura 
disease,  a  diswise  which  is  present  in  the  East  and  leads  to  great  swellings 
combined  with  ulceration  of  the  hands  and  feet. 
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5.  Aspergillus,  SInoor 

In  the  different  species  of  Aspergillus,  Penicilliura,  aud  Mucor,  a  mucli  more 
complete  organisation  is  found  than  in  the  varieties  as  yet  described.  Tliese 
frequently  occur  on  the  surface  and  in  the  interior  of  the  human  body.  In 
most  cases  thoy  manifest  a  saprophytic  character,  as  they  only  grow  on  dead 
tissues. 

The  different  varieties  of  aspergilliis  have  a  branching  mycelium,  made  up  of 
cylindrical  cells  which  penetrate  into  the  nutrient  media.  The  mycelium  sends 
germinal  hyphse  upwards  into  the  air.     Those  take  the  form  of  elongated  cells, 


ij<.    !i.     AHiwrgllluu  uiger  from  ilio  ex'tt-TTialttU'litory  Jii'Mt '-,   ■.  :i 

often  pigmented,  brown  or  greenish.  At  the  free  end  those  cells  swell  u[>  una 
form  a  spherical  enlargement,  the  conidiophore.  At  their  circumference  these 
generate  a  great  number  of  flask-shaped  cells  i^ikrirfmaki).  The  narrow  free  end 
of  the  latter  finally  casts  off  the  gonidia  or  spores  by  constriction  (Fig.  45). 

Aspergillus  is  most  fror^uently  found  in  the  rxkrnal  andUimj  meatus  (Mayor). 
It  occurs  chiefly  in  association  with  catairhal  irritative  conditions  in  the  external 
ear  where  there  is  accumulation  of  large  quantities  of  shed  epithelium.  These 
may  often  be  withdrawn  from  the  ear  nt  mas^c,  as  thimble-shaped  bodies,  and 
the  hollows  in  these  epidermal  accumulations  show  more  or  less  dense  tufts  of 
asporgillus  (Fig.  45). 

The  occurrence  of  aspergilliis  in  tfu:  lungs,  first  described  by  Virchow,  is 
much  more  rare.     In  diabetics  esijecially  who  have  a  relatively  large  amount 
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of  grape-sugar  not  only  in  the  urine,  but  also  In  tlio  blood  and  pnrenchj^ma  of 
the  organs,  it  lias  been  found  in  foci  of  vai-ious  sizes  where  tlie  lung  is  breaking 
down.  These  areas  of  disintegration  are  uaually  produced  by  the  aspiration  of 
foreign  bodies,  particles  of  food,  saliva,  or  bronchial  contents  in  a  state  of  putre- 
factive deoom position.  The  pulmonar}'  tissue  then  necroses  at  isolated  spots. 
Soft,  dirty  looking,  gangi-enoiis  or  necrotic  foci  form,  in  the  vicinity  of  which 
the  lung  tissue  becomes  condensed  by  the  filling  up  of  the  alveoli  with  fibrinous 
or  fibrino-purulent  masses.  In  the  necrotic  foci  numerous  microbes  of  various 
kinds  are  always  found,  especially  fission -fungi,  and,  in  many  cases,  also 
mould-fungi.       The    latter   sometimes    develop  a  branching   mycelium   only, 


ioo 


I 


Fm.  45.— DiitjtnimniiiUc  scotioii 
of  ibe  L-oriiili(>pliorw  uf  au 
«!>tK:r^lluii.  (I,  BMidln;  b, 
aterli^DkaU :  c,  spores  or 
gooidio.    xaoo. 


Fio.  40.— MycellTun  or  an  Mijergillus  frmn  ilii«  vnU  nf 
•a  alveolua  in  gingreBfl  of  th>^  Inn;.-.   •  )75. 


which  lies  apposed  to  the  intcr-alveolar  septa  (Fig.  46) ;  but,  under  certain 
circumstances,  it  may  also  form  large  bundles  which  project  free  into  the 
interior  of  the  alveoli  (Fig.  47).  Conidiophorcs  are  not  formed  here.  This  may 
be  due  to  the  fact  that  the  {dveoli  have  lost  their  air  and  are  tilled  with  fiuid. 
At  other  jMirts  alveoli  are  found  containing  aii-,  whoso  walls  show  little  mycelium, 
but  present  characteristic  cnriidiophores  (Fig.  48). 

Hyphoniycetes  (mould-fimgi)  are  al.so  observed  in  dilated  bronchi  in  severe 
forms  of  brujichial  catarrh,  as  welJ  as  in  ulcerative  cavities  in  tubercular  hmgs. 
They  do  not,  as  a  rule,  however,  extend  more  widely  throughout  the  body, 
They  rather  confine  tliomselves  to  tissues  which  are  alrcad}^  cast  ofi*,  and,  in 
those  cases,  are  unimportant  associates  of  the  processes  of  decomposition.     Only 
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Griihc  WLis  le-1  by  these  observations  to  investigate  the  subject  experiment- 
ally. He  introduced  the  sjwrea  of  mould-fungi  into  the  blood-vessels  of  rabbits 
and  found  tliat  a  fatal  disease  then  attacked  the  animals  experimented  on. 
This  was  supposed  to  result  from  the  genui nation  of  the  spores  in  the  blood 
and  tissues  of  the  animal.  Further  inquiry  into  these  discoveries  by  Grawitz, 
Gaffky  and  Koch,  Lichtheim  and  Leber  led  to  the  discovery  of  some  varieties 
of  mould-fungi  which  thrive  at  body-temperature  and  are  capable  of  further 
growth  iu  warm-blooded  animals  and,  therefore,  possess  pathogenic  properties. 
These  are  :  (1)  Aspergillus  fumigatus ;  (2)  Asper- 
gillus tiavescens  ;  (3)  Mucor  rhizopodiformis ; 
(4)  Mucor  corymbifer. 

An  exhaustive  systematic  description  of  those 
four  varieties  of  fungus  will  not  be  attempted 
here  until  more  complete  information  regarding 
their  appearance  in  man  is  obtiiined.  It  may  be 
mentioned,  however,  that  the  varieties  of  Mucor 
are  difiTerentiated  from  the  Aspergillua  by  theh" 
germinal  hyplia^  The  conidiophore  in  Mucor 
develops  a  spherical  cell  at  its  free  end  (spor- 
angium), whose  contents  afterwards  form  spores 

or  gonidia.  The  dividing  wall  between  conidiophores  and  sporangium 
projects  as  a  his^hly  convex  membrane  into  the  sporangium  (columelbi. 
Fig.  49). 

There  is  still  another  form  of  spore  formation,  viz.  by  zygospores.  This, 
in  a  certain  sense,  apjjroachea  sexual  reproduction,  since  8jK>re  formation  is 
preceded  by  the  fusion  of  two  cells,  distinguished  by  certain  peculiarities  of 
shape  and  previously  scpamte  from  each  other. 


a  b 

Fia,  4B.— CooicUophore  Brom— a,  Mucor 
mucAdo,  x:l25t  b,  mucor  rhizopodi- 
foniilii,  xfiO.    IHaHrauiinAtic. 
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in.  Protozoa 

The  protozoa  comprise  a  closely  related  series  of  extremely  small,  very 
simply  organised  ancl  mostly  unicellular  organisms.  Their  most  highly  developed 
forms,  the  Infusoria,  are  undoubtedly  animal  ;  while  the  lowt-at  forms,  as  can 
be  easily  understoodj  show  many  point*  of  agreement  with  certain  of  the  lowest 
vegetable  organisms,  especially  such  as,  like  the  rayxomycetea  and  others, 
exhibit  free  movements. 

Among  the  Protozoa,  tlio  Ehisopoduy  Sparozoa,  and  Infitsoria  may  be 
distinguished. 
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The  Ithizupoda  have  bodies  composed  of  protoplasm  which  change  their 
form  by  rapidly  pushing  out  and  drawing  in  processes  or  pseudopodia,  and 
thus  move  from  pkce  to  place.  As  a  rule,  multiplication  takes  place  by  fission, 
more  rarely  by  the  development  of  embryos  within  the  body. 

In  the  Sjxrnt^od  there  are  only  small  vermicular  movements  of  the  T«ody. 
This  is  frequently  surrounded  by  a  cuticular  envelope  which,  as  a  rule,  thanj^es 
into  a  more  or  less  firm  capsule,  when  growth  ceases  and  reproduction  begins. 
Within  the  enwipsuled  body  a  more  or  less  considerable  number  of  spores 
(pseudonavicellce,  psorosperms)  are  developed.  The  contents  of  the  spores 
immediately  on  being  set  free  develop  into  embr}^os,  or  they  divide  into  a 
small  number  of  sickle -shaped  bodieis,  which  escape  and  grow  into  mature 
animals. 

The  hfumiia  are  distinguished  by  possessing  cilia,  which  subserve  locomo- 
tion. One  or  more  contractile  vacuoles,  in  addition  to  one  or  more  nuclei,  are 
found  within  the  body.  Many  infusoria  possess  a  mouthdike  oritice  by  which 
nutriment  is  taken  in,  and  also  an  anus.  Multiplication  takes  place  in  various 
ways,  by  fission,  budding,  formation  of  embryos,  often  after  pre\4ous  copulation 
of  two  individuals. 

A.  Rhizopoda 


1.  Amoetia  Coll 

The  anurha  coH  deserves  mention  as  one  of  the  Rhizopoda  wkich  occurs 

parasitically  in  man.     It  was  discovered  first  by  Losch  and  then  by  Koch  and 

Kartulis  in  the  intestine  in  dysentery, 
both  in  the  ulcers  in  the  mucotis  mem- 
brane, and  in  the  Hakes  of  mucus  dis- 
ctiarged  from  the  huwel.  Kartulis  also 
demonstrated  its  presence  in  abscesses 
of  the  hver  following  dysenter}*. 

According  to  the  descriptions  of 
Losch,  the  amo?ba  has  a  diameter  of 
from  20  to  35  /a.  It  consists  of  a 
nucleus  and  a  coarsely  gi'anular  proto- 
plasm whicli  contains  several  vacuoles. 
The  protojdasm  sends  out  broad,  blunt 
processes  which  api>ear  more  transpar- 
ent than  the  rest  of  the  cell,  and  which 
give  it  a  changing,  oval,  pear-shaped, 
or  irregular  outline  (Fig.  HO).  The 
amo^ba^  observed  by  Kartulis  were  in 
one  case  considerably  larger,  but  in  his 

later   case    he    makes   no   definite    statements    as    regards    their   dimensions. 

Councilman  and  Lafleur  have  recently  confirmed  these  discoveries  in  a  very 

complete  manner. 
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Flo,  50.— Anicelm  coU,  suiiie  of  which  show  nuclei  and 
VBiCitnles.  The  cinar  iiarts  of  the  protoplaain 
corras(H)ud  to  the  brciad  pseudopodia  (ftflerLc^wh). 
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B.  Sporozoa 
3.  Coccidiiun  Oviforme 

This  parasite  occurs  very  frequently  in  the  liver  of  the  rabbit,  but  has  only 
l»een  observed  in  a  few  cases  iii  man. 

The  liver  contains  a  varying,  sometimes  very  lai-ge  number  of  whitish 
no<iiiles,  from  the  size  of  a  split  pea  to  that  of  a  hazel-net,  which  appear  under 
the  microscope  as  dilatations  of  the  bile  ducts  which  are  filled  with  granular 
masses.  In  the  older  nodules  the  walls  of  the  bi]e  ducts  are  often  changed 
into  cicatricial  tissue,  so  that  it  is  not  easy  to  recognise  that  they  are  bile 
ducts.  In  younger  nodules  (Fig.  51),  on  the  other  hand,  there  can  be  no 
doubt.  The  wall  of  the  dilated  bile  duct^  lined  >vith  cylindrical  epithelium, 
can  Ije  easily  distinguished  from  the  granular  coccidia-bearing  contents.  The 
small  nodules  may  be  recognised  as  small  cysts  of  the  bile  ducts  filled  with 
very  firm  contents. 

When   the  cylindrical  epithelium  of  the   wall  of   the  cysts  is  carefully 
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Fio.  61.— WaU  ofs  coccIiIItuii  cyst  in  tba  rebbit'ii  liver.    Alain  camiliie,  Cuutk  tmlaant,  x  ISO. 

examined,  small  rounded  protoplasm -like  bodies  of  very  various  sizes  can  be 
seen  within  the  cells.  The  smallest  are  from  3  to  4  /x  in  diameter,  and,  apax't 
from  the  protoplasm  of  the  cylindrical  cell  which  surrounds  them,  they  liaise 
no  investing  membrane.  On  the  other  hand,  the  largest  parasites  may  measure 
as  much  as  2G  /i  in  diameter  (Fig.  52,  a).  These  show  indications  of  a  cuticular 
envelope.  The  epithelial  cell  which  contiiins  them  can  be  seen  only  indistinctly, 
if,  as  often  happens^  it  is  detached  along  with  its  contained  parasite  from  the 
basement  membrane  and  lies  free  in  the  interior  of  the  cyst. 

In  the  above -described  stages  of  development  a  round,  vesicular  structure 
can  generally  be  seen  in  the  protoplasm  of  the  body  of  the  coccidia.  It  is 
doubtful,  however,  if  this  is  a  nucleus.  The  further  stages  of  development 
take  i>lacej  not  within  the  epitheliid  cells,  but  when  the  coccidia  become  free 
in  the  cyst  cavity.  Here  there  are  very  numerous  structures  resembling  the 
largest  coccidia  of  Fig.  52,  a.  These  may  be  also  recognised  in  Fig.  51. 
Coccidia  with  a  nucleus-like  spot  and  two  cuticular  membranes  iii*e  also  met 
with  in  large  numbei-s  (Fig.  52,  c).  The  body  of  the  encapsuled  animal  has 
secreted  a  second  cuticular  membrane.     The  outer,  first-formed  capsule  is  then 
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lost,  and   within  the  other  the  )K)dy  shrinks   to  a  smaller  volume.     It  then 

appears  as  a  relatively  small  sphere  within  the  wide  capsule  (Fig,  52,  i\ 

^  Further  stages  of  development  cannot  be  made  out  within  the  liver.    These, 
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Via.  ii.-HH  Wall  of  diliitect  bJIa  duct  fomied  of  eylhijlrical  cpitliclium.  Four  young  cocciilla  In  variuutt  HtagM 
of  davelopmmit  la  the  cyllodrlc*!  colls ;  b,  a  detached  epithelial  cell  wltliln  the  ca\'ity  of  the  cyst,  with 
young  coocldla ;  c,  d,  encaptoled  coccldia  in  two  atages  of  developuuuit.    x  7<y). 

as  Kaufmann  showed,  only  begin  when  the  coccidia  have  been  alloM'ed  to  stand 
in  a  moist  envii'onment  or  in  water,  for  some  weeks  at  ordinary  room-tempera- 
ture, or  for  twenty-four  hours  at  37°  C.  Then  the  contracted  spherical  mass 
of  the  contents  of  the  capsule  divides  into  four  parts  of  equal  size  (Fig.  53,  a), 
called  psorosperma  or  spores.     Each  spore  becomes  subsequently  invested  by 

a  delicate  cuticular  membrane  and  develops  in  its 
interior  a  sickle-shaped  rod,  with  a  nodular  thicken- 
ing at  either  end. 

These  observations  show  that,  for  the  further 
development  of  coccidium  oviforme,  the  capsules 
containing  the  spores  must  become  free,  so  that  a 
change  of  hosts  is  necessary.  It  is  presumed  that 
infection  follows  through  the  rod-containing  capsules, 
which  have  undergone  development  when  free,  being 
swallowed  by  other  animals  (rabbits)  or  man. 
The  indi\^dual  rod -shaped  bodies  are  presumably 
set  free  by  the  digestion  of  the  cuticular  mem- 
brane within  the  stomach  or  intestine.  They  then  wander  as  unencapsuled 
protoplasmic  embryos  into  the  epithelial  cells  of  the  intestine  and  the  bile  ducts, 
where  they  undergo  further  development  as  above  described. 


Fio.   B».— €occldlujii   oviforme  Je- 
velopmaint  of  apores,  x700. 
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3.  Coccidium  FerforaiiB 
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'\\a\x  transktion). 


In  dogs,  cats,  rabbits^  mice,  and  somcstimes  also  in  maiij  a  coccidium  is  found 
which  closely  resembles  tlie  coccidium  ovifonne  in  most  points,  but  is  dis- 
tinguisbed  bjr  its  smaller  size.  When  mature,  it  measures  24  /x  in  length  and 
12  to  13  ft  in  breadtb,  and  is  therefore  considerably  smaller  than  the  first- 
mentioned  form.  As  the  coccidium  perforans  is  never  found  along  witb  the 
larger  form,  it  seems  justifiable  to  regard  it,  as  Lcuckart  has  done,  as  a  separate 
species.  There  is  also  a  further  difteronco  to  which  attention  was  drawn  by 
Eimer  in  an  exhaustive  work  on  this  parasite.  Coccidium  perforans  passes 
through  all  the  stages  of  \tsy  division  in  the  intestine  (Fig.  54).  The  contents 
of  the  coccidium  capsule  divide  by  segmentation  into  oval  or  round  spores, 
which  escape  from  the  shell,  and  may  bo  found  in  the  intestinal  mucusw  It 
is  presumed  that  the  embryos  which  have  been  set  free  in  this  manner  again 
enter  epithelial  cells  and  grow  into  now  coccidia  capsules.  If  those  observations 
are  confirmed,  its  clilference  in  size,  as  well  as  the  fact  that  an  alternation  of 
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Fio.  54.— CoocidU  tccxa  tbo  InUsatitio  Of  thn  moiXM,  probftbly  idontical  with  coooldinm  perfonits.    ItittB.  *hd 
extTB-ccllalar  development  (after  Eimer). 

hosts  is  not  necessary  for  the  further  development  and  multiplication  of  this 
parasite,  as  is  certainly  true  in  the  case  of  coccidium  ovifonne,  must  be 
regarded  as  essential  points  of  distinction  from  the  latter.  The  mode  of 
formation  of  ivsorosperms  also  shows  some  differences.  The  contents  of  the 
coccidium  capsule  become  transformed  into  a  sphere,  on  the  surface  of  which 
an  investing  membrane  is  formed.  The  then  sphere  becomes  broken  up  into 
rounded  divisions  which  subsequently  become  sickle -shaped  and  ultimately 
rod -like.  After  being  set  free  the  latter  enter  the  epithelial  cells  of  the 
intestine  in  an  embryonic  state,  increase  in  size,  and  again,  by  formation  of  a 
capsule,  change  into  mature  coccidia. 
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4.  Coccidium  HoUusci 

Bateman  in  1817,  under  the  name  moUuscum  contagiosum,  described  n 
disease  of  the  skin  that  had  been  previously  mentioned  by  Willan,  which 
appeared  in   the  form  of  small,   soft  nodules,  mollusca,  and  was  eminently 
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eontagious.  Its  contagious  character  is  frequently  shown  by  infection  among 
memberB  of  families,  of  the  infant  from  its  nurse,  and  by  the  occurrence  of 
smaU  epidemics  in  hospital  wards  after  the  admisBlon  of  a  patient  afitected 
with  the  disease. 

The  nodules  may  occur  in  every  region  of  the  surface  of  tlie  skin  •  they 
are  most  frequently  met  with  on  the  trunk  and  particularly  on  the  back, 
often  also  near  the  external  openings  of  the  urethra  or  vagina.  They  are 
mostly  multiple,  and  sometimes  occur  in  great  numbers. 

The  individuiil  nodules  begin  as  flat,  plat€-  or  cup-liko  elevations  of  the 
skin,  due  to  an  active  proliferation  of  the  rete  Malpighi  {Fig.  55,  a).  The 
opinion  which  had  been  frequently  expressed  that  molluscura  nodules  arise  from 
dilated  cutaneous  glands  or  hair  follicles,  has  been  shown  by  the  investigations 
of  Retzins,  Bollinger,  Lukomsky,  and  Neisser  to  be  no  longer  tenable,  even  if 
a  hair  is  sometimes  found  to  penetrate  a  nodule.     In  process  of  growth  the 

molhiscum  nodule  becomes  a  spheri- 
cal elevation  (Fig.  5.5,  h)  aliove  the 
skin,  and  may  even  be  pediculated. 
A  caseous  mass,  composed  of  the 
proliferated  cells  of  the  rete  Slalpighi 
which  contain  the  parasites,  can  be 
expressed  from  the  tumours. 

Under  higher  powers  of  the 
microscope  the  deepest  layers  of  the 
rete  Malpighi,  free  from  pathological 
changes,  may  be  seen  at  the  bottom 
of  the  epithelial  depressions  which 
iU'e  formed  in  the  molluscum  nodule. 
It  is  only  in  the  third  or  fourth 
rows  of  the  cells  of  the  rete  that 
the  so-called  molluscum  bodies  (Vir- 
chow,  Bollinger,  Lukomsky,  Neis- 
ser), which  were  first  recognised  by 
Bollinger  as  coccidia,  begin  to 
appear.  Notwithstanding  the  fact 
that  Bollinger's  discovery  has  been 
confirmed  by  Neisser,  it  has  been 
called  in  question  by  others,  and  Lukomsky  has  even  explained  the  molluscum 
bodies  as  wandering  cells  that  had  penetrated  the  nodule — a  view  which  is 
difficult  to  understand.  It  is  true  that  the  developmental  history  of  the  parasite 
is  not  yet  fully  made  out ;  but,  on  the  other  hand,  every  other  explanation  seems 
to  be  altogether  excluded.  One  must,  of  course,  admit  that  a  parasite  which  is 
found  in  the  superficial  layers  of  proliferated  epithelium  is  not  necessarily  also 
the  cause  of  the  disease,  but  its  constant  occurrence  certainly  argues  for  its 
pathogenic  importance. 

In  the  third  or  fourth  row  of  cells  of  the  proliferated  rete  Malpighi,  counting 
from  the  limit  of  the  connective  tissue  layer  of  the  corium,  the  first  parasitic 
infiltrations  are  found.  Here  some  of  the  cells  of  the  rete  contain  a  roundish 
granular,  cellular  structure,  sometimes  several  of  these.  These  invading  bodies 
increase  rapidly  in  size  and  compress  the  cell  nucleus  into  the  form  of  a 
crescent  They  then  become  coarsely  granular,  and  eventually  are  transformed 
into  shining,  homogeneous,  oval  structures,  the  molluscum  bodies,  which  are 
situated  in  the  superficial  layers  of  the  rete  Malpighi.     The  details  of  the 
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development  of  this  parasite  await  further  investigation.  This  will  also  show 
if  the  development  requires  a  change  of  host  or  not,  and  if  the  transmission 
from  individual  to  individual  takes  place  directly  or  only  after  passing  through 
an  intermediate  stage. 

LrrERATlTRE 

WiLLAJT— Skin  Diaeasea  and  their  Treatment,  1708-1816. 

Batemax — rk'Haeations  of  Skin  Diseases.     London,  1817. 

ViKCHOW— Vircli.  Arch.,  vol.  x.xxiii.,  1865. 

Retzius — Deutsche  Klinik,  1872. 

HoLLiKGER— Virch.  Arch.,  vol.  Inii.,  1873.     Togebl.  der  Naturforscherversainmlung  in  Ciaaelt 

187.S.     Vierteljahrssfhr.  f.  Dunn.  u.  Syph.,  1879. 
Lfkomskv— Viriih.  Arch.,  vol,  Ixv, 
Neisser— ilonatsschr.  £  pr.  Dermatol.,  18S2.    Vierteljahrsschr.  f.  Derm.  n.  Sypb.,  1888. 

B.  Coccidia  in  Carcinoma 

Carcinomata  are  malignant  tumoura  which  arise  from  unrestricted  growth 
of  epithelial  cells  into  adjacent  non-epithelial  tissue.  In  many  cases  clinical 
and  histological  investigations  show  that  a  stage  of  local  irritation  of  the  tissue 
by  external  agencies  precedes  the  development  of  carcinoma.  Sometimes  the 
external  agencies  appear  to  be  of  a  mechanical  nature,  such  as  a  complicated 
wound,  which  may  open  the  way  for  infection.  In  other  cases  the  infectious 
character  of  the  external  agencies  is  more  clearly  indicated  from  the  beginning. 
Accordingly,  an  earnest  endeavour  has  for  a  long  time  been  made  to  find  the 
infective  agent  in  carcinomatous  foci,  in  the  hope  of  gradually  explaining  the 
etiology  of  the  disease  in  this  way.  Scheuerlen  and  others  have  demonstrated 
the  presence  of  various  schizomycetes  in  carcinomata,  but  only  under  conditions 
which  show  that  these  microbes  are  accidental  and  secondary.  More  recently 
papers  have  accumulated  about  the  presence  in  carcinomata  of  parasites  re- 
sembling coccidia.  The  micro-organisms  were,  as  it  subsequently  turned  out, 
first  discovered  by  Malassez  and  by  myself  entirely  independently  of  each  other, 
although  I  had  believed  myself  to  be  the  first  to  observe  it.  The  observations, 
of  Malassez  were  first  published  indirectly  in  an  article  by  Darier  on  the 
occurrence  of  coccidia-like  structures  in  a  peculiar  disease  of  the  skin,  Paget's 
eczema  of  the  nipple.  Shortly  thereafter  I  had  made  my  first  communication 
on  the  parasite- like  structures  in  carcinoma,  before  Darier's  article  and  the 
discussion  in  reference  to  it  had  reached  me.  Then,  in  the  next  year,  followed 
the  first  exhaustive  account  of  Paget's  disease  by  Wickham,  as  well  as  the 
communications  of  Malassez,  Nils  Sjobring,  Siegenbeck  van  Heukelom,  Ramsay 
Wright,  Kussei,  PfeifTer,  and  others  on  protozoa  in  carcinomata. 

In  spite  of  all  those  investigations  the  question  still  remains  one  of  great 
difficulty,  since  at  present  there  are  no  methods  capable  of  demonstrating  with 
perfect  certainty  the  parasitic  nature  of  the  peculiar  structures  in  the  epithelium 
of  carcinoma.  In  the  first  place,  further  investigations  must  be  undertaken  ; 
thereafterj  should  the  pai'asitic  character  of  the  supposed  coccidia  be  successfully 
demonstrated,  it  \^ill  be  no  easy  matter  to  establish  its  relation  to  the  un- 
doubtedly very  complex  etiology  of  carcinoma. 

In  view  of  the  great  importance  of  these  discoveries  and  observations  they 
cannot  be  simply  passed  by.  It  seems,  however,  possible  to  give  a  short  and 
concise  account,  by  the  aid  of  a  figure,  of  those  epithelial  enclosurea  that,  in 
my  opinion,  have  the  gi*eatest  right  to  be  regarded  as  parasitic. 

Fig.  56  shows,  above,  the  cylindric^al  epithelial  cells  of  a  carcinoma  of  the 
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large  intestine  along  with  the  upper  layers  of  the  adjacent  connective  tissue,, 
magnified  910  times.  One  of  the  epithelial  cells  contains  a  wandering  cell 
with  two  nuclei.  In  addition  to  nine  nuclei  of  the  cylindrical  epithelium,  the 
epithelial  layer  further  presents  three  small  rounded  bodies  which  are  to  be 
regarded  neither  as  degenerating  wandering  cells  nor  as  accessory  nuclei,  but 

may    possibly    represent    parasitic 

enclosures.    These  and  similar  strtic- 

V.  ^ .  tures  are   represented  at  n  and  6, 

^'^^  magnified  1500  times,  their  diameter 

measuring  4  to  6  /m.     Further,  other 
,  .  larger     invading     bodies,     with     a 

diameter  of  10  to  15  /*,  appear 
io  the  cells  of  carcinomata  (Fig.  56, 
<f,  K  540). 

I  have  also  seen  similar  struc- 
tures in  the  cylindrical  proliferating 
epithelium  of  the  uterine  glands, 
in  chronic  catarrhs  associated  with 
thickening  of  the  mucous  mem- 
branes (Fig.  56,  f,  dy  X  1500).  In 
ray  opinion  there  is  no  doubt  that 
this  proliferation  of  the  mucous 
membrane  of  the  uterus  is  related 
to  carcinoma  of  the  uterus,  inas- 
much Bis  many  carcinomata  of  the 
uterus  arise  from  such  proliferations 
of  the  mucous  membranes.  The 
tatter  ai'e  certainly  very  common 
compared  with  carcinoma,  so  that,  of  course,  one  must  not  assume  that  every 
uterine  catarrh,  associatfd  with  thickening  of  the  mucous  membrane,  leads 
to  carcinoma  ;  yet  in  many  cases  this  actually  seems  to  happen. 

The  significance  of  these  bodies,  which,  in  many  respects,  resemble  coccidia, 
is,  however,  far  from  being  completely  explained.  I  am  inclined,  however,  to 
maintain  that  they  are  of  a  parasitic  nature. 
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Fio.  60.— A  wttRflcriug  cell  nud  Bt-veral  othern,  apparenUy 
jjonuitic,  coutAijied  in  the  epithelium  of  a  cylindrical 
c&rciiiotus  of  Uio  large  inteatine,  and  ftom  an  adeno- 
luatouii  growth  in   the  niocoua   ntenibraQe  of  the 
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ff.  Plasmodium  Malariae 

The  researches  of  Lavcran,  Marchiafava  and  Celli,  Ciolgi,  Canalis,  and  others 
have  demonstrated  in  the  blood  of  persons  suffering  from  malaria,  micro- 
organisms whose  development  stands  in  close  relation  of  time  to  the  attacks  of 
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malarial  fever.  They  can  bo  easily  found  in  the  fresh  blood,  sometimes  free, 
sometimes  witkin  the  red  corpuscles.  They  can  be  more  easily  demonstrated 
in  dried  cover-glass  preparations  which  have  been  stained  wilh  a  mixture  of 
one  volume  of  saturated  aqueous  solution  of  methylene  blue,  and  two  volumes  of  it 

1  per  cent  aqueous  solution  of  eosin  (a  slight  modification  by  Romanowsky 

Plehn's  method). 

Before  staining,  tlio  thin  films  of  blood  which  have  been  spread  on  the  cover-glass  and 
dried,  should  be  heated  for  a  few  minutes  to  135°  or  140"  C,  The  preparations  remain  from  one 
half  to  three  hours  in  the  above  solution,  which  ahould  not  be  filtered  after  being  mixed.  They 
are  then  washed  with  water,  dried,  and  mounted  in  Canada  balsam. 

The  results  of  this  staining  are  shown  on  Plato  FV.,  Fig./,  Nrs,  1  to  14 
(the  red  eosin  staining  of  the  red  blood  corpuscles  being  reproduced  in  gray). 
No.  1  shows  four  free,  very  small  plasmodia,  which,  either  singly  (No.  2),  or 
in  greater  numbers  (No.  3),  enter  red  corpuscles.  Within  these  they  gradually 
increase  in  size,  absorb  the  hsemoglobin,  and  cause  the  separation  of  a  finely 
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FlA.  67.— Malaria  plamtoUia.    A,  Froiu  tertian  a^e  (a(t^r  Golgi) ;  /i,  rnmi  (|iuirtati  ague  (after  tiolgi) ;  V,  frotu 
imgnlar  fcbiile  attackA  (after  CtinaliB). 


granular  black  pigment  (Nos.  4  to  10).  Then  follows  a  multiplication  of  the 
nucleus  of  the  cell,  till  the  organism  is  divided  up  into  the  form  of  a  rosette. 
A  small  part  of  the  protoplasm  remains  along  with  tlie  black  melanin  mole- 
cules, while  the  segments  of  the  rosette  are  set  free  in  the  blood,  and  form  a 
now  generation  of  young  plasmodia  (No.  1). 

Golgi  has  more  completely  explained  the  relations  of  the  plasmodia  to  the 
various  forms  of  malaria. 

In  the  kdinji  fftrm  of  atj-ue  a  day  during  which  the  temperature  is  normal 
foUows  each  day  of  fever.  In  accordance  w-ith  this  the  parasite  of  tertian  ague 
passes  through  the  developmental  cycle  in  two  days  (Fig.  57,  A),  The  com- 
mencement of  the  pyrexia  coincides  with  the  completion  and  segmentation  of 
the  rosette  figures.  During  the  interval  when  the  temperature  is  normal,  only 
the  growing  plasmodia  are  found  in  the  bloo<l  coipuscles,  in  which  they  show 
active  changes  of  form  and  very  rapidly  destroy  the  hiemoglobin.  The  melanin 
granules  which  are  produced  are  very  fine,  and  tho  rosettes  divide  into  fifteen 
or  twenty  plasmodia. 

In  many  patients  two  generations  of  such  plasmodia  are  found  in  the  blood 
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and  have  their  stage  of  maturity  on  alternate  days.  This  con-esponds  with 
daily  attacks  of  fever  (quotidian  or  double  tertian  ague). 

In  (pmximx  agnt:  two  days  of  normal  temperature  fallow  each  day  of  fever. 
According  to  the  researches  of  Golgi,  the  plasmodium  coiTesponding  to  this 
form  requires  three  days  for  its  development.  It  is  distinguished  by  less  active 
amn^hoidl  movements,  by  slower  absorption  of  the  hremoglobin,  by  the  coarser 
character  of  the  melanin  granules,  and  by  the  segmentation  of  the  rosette  into 
from  dx  to  twelve  parts  (Fig.  57,  B\  The  simultaneous  development  within 
the  blood  of  various  generations  diflering  in  age  may  produce  double  quartan 
(two  days  of  fever  after  one  day  of  normal  temperature),  or  triple  quartan  (with 
daily  attacks  of  fever). 

Canalis  has  further  described,  in  irregular  forms  of  malaria,  a  plasmodium 
which  seems  to  correspond  to  the  crescent-shaped  bodies  of  Laveran  and  some- 
times also  shows  flagella  (Fig.  57,  6"). 

Malaria  has  the  widest  geographical  distribution  of  all  the  infective  diseases. 
It  has  its  numberless  victims  in  the  tropics  and  even  invades  the  temperate 
zones.  Observations  show  that  the  disease  is  no  strict  unitv^  but  that  it  is 
manifestly  caused  by  various  species  of  jilasraodia.  It  apjiears,  therefore,  to  be 
of  some  interest  to  mention  here  that  similar  and  related  parasites  have  also 
been  observed  in  the  blood  of  mammals,  birds,  reptiles,  and  fishes, 
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C.  Infusoria 


7.  Cercomooas  InteBti&tdia 

This  parasite  is  distinguished  by  a  pear-shaped  body  which  at  its  narrow 
pole  has  a  stiff  caudal  thread,  and  at  its  blunt  pole 
bears  a  long  whip-like  vibratile  Hagellum.  It  is  found 
occasionally  in  the  contents  of  the  alimentary  canal  and 
in  the  dejecta  in  acute  and  chronic  intestinal  catarrh  in 
children  and  adults;  it  has  also  been  found  in  the  dis- 
charges ill  t}^>hoid  and  in  cholera.  Lambl  demonstrated 
it  once  in  the  liver  of  a  gardener,  in  the  neighbourhood 
of  a  large  echinococcus  cyst.     It  appears  from  these  ob* 

servations  that  no  specific  pathogenic  importance  can  1)e  ascribed  to  the  cerco- 

monas.     Its  length  according  to  Davaine  is  8  to  12  ^. 
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8.  Trichomonas  VagiiialijB  et  Intestuialis 

T)oiin«^  and  Kulliker  found  in  vaginal  mucus  a  pear-shaped  parasite  with  a 
sharply  pointed  pole,  and  a  body  length 
of  about  10  /ju  The  blunt  end  of  the 
body  bore  several  (1  to  3)  long  thread- 
like flagella,  while  on  the  body  itself  a 
long  wavy  ridge  was  developed  which 
ran  out  into  six  or  seven  hairs.  The 
body  parenchyma  was  colourless  and 
contained  within  it  some  fine  granules. 

A  similar  parasite,  devoid,  how- 
ever, of  Hagella,  was  described  by 
Marchand  and  Zuoker  in  various 
kinds  of  severe  intestinal  diseases. 
It  was  termed  tricbomonae  intestinalis  by  Leuckart. 


Pio.  G9.-/7,  Triduwumai  V«0MU«  (aft^^r  KulUk«>r):  h, 
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9.  Paranuecimn  or  Balantidiuin  CoU 

The  egg-diAped  body  of  this  parasite  measures  0*07  to  O'l  mm.  in  length 
by  0*05  to  0  07  mm.  in  breadth.  Its  whole  surface  is 
closely  covered  ^vith  ciha,  and  at  one  pole  it  shows  a 
mouthdike  depression,  while  an  anal  opening  cannot  be 
definitely  made  out.  Within  it  is  found  a  nucleus  and 
one  or  two  contractile  vacuoles  with  clear  contents. 
Multiplication  takes  place  by  division  of  the  whole 
animal. 

Maimsten  was  the  first  to  observe  the  parasite  in 
the  motions  of  a  case  of  typhoid ;  then  Leuckart  drew 
attention  to  the  fact  that  it  also  occurred  in  the  contents 
of  the  intestine  of  the  pig,  It  appears,  however,  to 
have  no  great  pathological  importance. 
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IV,  Vermes 

A.  Cestoda  (Tapeworms) 

1.  Tama  Soliam 

Taenia  solium  belongs  to  tho  order  of  the  Cestoda  or  Tapeworms,  It 
inhabits  the  small  intestine  of  man  as  a  strobila,  composed  of  luimerous 
individuals,  united  to  each  other  and  forming  a  flat,  tape-like  chain  of  about 
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two  to  three  and  a  half  yards  in  length.     In  the  chain  may  be  distinguished:  (1) 
a  first  or  most  anterior  segment,  called  a  dcdc^^  which  is  asexual  j  and  (2)  the 


Fio,  rtl,  — Scolex     of 
tfttiltt  solium,  xSD. 


FlO.  Ol^Tgenli  soUam.    Bcolex  and  proglottides. 
Nataral  eixe. 


remaining  segments,  or  profjlottuks^  which  spring  from  the  first  segment  and 
develop  both  male  and  femaJie  sexiial  organs. 

The   scolex  hears   on   its   anterior   extremity    four   sucking   discs   and   a 
^^^^  proboscis -like  projection,  the   roskUum,  on  which  there   is 

JBME»^  a  circle   of  from  twenty-two  to  thirty-two  booklets.     The 

^        -  irregularly  rounded  thickening  of  the  anterior  extremit}^  of 

the  scolex,  formed  as  above  describ<?d,  is  al>out  as  large  as  the 
head  of  a  pin.  Behind  this  swelling,  the  scolex,  which  is 
about  5  to  10  mm.  (J,  to  |  of  an  inch)  long,  becomes  thinner 
and  shows  at  its  hinder  part  a  transverse  annulation.  This 
transverse  annulation  is  the  first  indication  of  the  commenc- 
ing segmentation  which  leads  to  the  formation  of  the 
proglottides.  As  the  transverse  rings  become  broader,  the 
segments  become  increasingly  distinct  and  so  develop  into 
proglottides. 

The  most  anteriorly  situated  jmtglotivh^i^  i.e.  those 
which  follow  immediately  on  the  scolex,  are  small,  but  even 
they  are  flattened  in  one  direction.  As  the  scolex  continu- 
ally  gives    off    new   proglottides,    those    first    formed    are 
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removed  further  along  the  chain. 


As  they  increase  in  size  they  gradually  develop  their 
sexual  organs,  and  in  them  the  ova.  The  proglottides  which 
contain  mature  ova  are  termed  mature  segments.  These 
become  gradually  thrown  oft'  and  evacuated  with  the  de- 
jections. 

The  number  of  proglottides  varies  in  different  chains 
from  800  to  900.  The  sexual  organs  are  foiTned  about 
the  four  hundred  and  fiftieth  segment.  The  last  hundred 
segments  of  the  chain  show  more  or  less  complete  maturity. 

The  mature  proghtUdes  form  whitish,  flattened,  tongue- 
shaped  structure.?,  10  to  12  mm.  in  length  and  5  to  6  mm. 
in  breadth  (Fig.  63).  In  these  the  most  striking  features 
are  the  branchings  of  the  uterus,  which  are  recognised 
by  the  numerous  mature  ova,  and  produce,  by  retlected  light,  whitish  or 
brownish -yellow,   and,   by  transmitted  light,  dark  or  black  markings.      The 
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«ter«.s  consists  of  a  mesially  situated  stem,  from  which  seven  to  ten  lateral 
branches  arise  on  both  sides,  and  again  divide  repeatedly.  Further,  on 
one  lateral  margin  of  the  proglottides  a  small  conical  projection  may  be  seen  on 
which  the  genital  canals  open.  These  genital  papillie  generally  show  an  irregular 
altematiou  from  one  side  to  the  other  of  the  successive  proglottides  of  a  tape- 
worm. Malformations  of  individual  segments  may  be  very  frequently  observed. 
The  proglottides  as  well  as  the  scolex  consists  of  a  soft,  nucleated  body 
parenchymaf  M'hich  is  covered  by  a  cuticle  and  contains  numerous  circular, 
longitudinal,  and  transverse,  unstriped  muscle  fibres. 
Further,  a  number  of  very  small  calcareous  concretions, 
the  calcareous  Itodies,  a  water- vascular  system,  and  the 
sexual  organs  are  situated  in  the  body  pareiichyma. 
The  animals  are  true  hermaphrodites,  since  each  indivi- 
dual proglottis  contains  both  male  and  female  sexual 
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The  mah  (fenital  apparatus  consistfi  of  a  large  number 
of  testicular  vesicles  which  are  connected  with  the  vas 
deferens  by  means  of  tine  canals.  The  vas  deferens 
opens  into  the  cirrhus  sac,  within  which  it  is  continued 
as  the  penis  or  cirrhus.  This  may  be  projected  by  a 
contraction  of  the  sac  and  introduced  into  the  vaginal 
aj>erture. 

The  female  (genital  ap])arahts  opens  along  with  the 
male  into  the  cloaca  which  is  situated  in  the  genital 
papilla.  It  consists  of  a  vaifiwiy  nc^dacaUm  seminisy  ovary, 
tfolk  m<:,  sfiell  ijlmid-,  and  lUeruji, 

The  t>tj(jA  are  oval.     After  removal   of   the   readily 

irable  shell,  the  embryo,  which  is  provided  with  six 
"hooks,  remains  surrounded  with  a  calcified  embryo  shell. 
This  is  spherical  and  raeiisures  0*03  mm,  in  diameter. 

It  is  the  exception  to  find  more  than  one  tcenia 
solium  in  the  human  small  intestine.  In  some  cases,  how- 
ever, as  many  as  from  thirty  to  forty  have  been  observed. 

The  scolex  is,  as  a  rule,  attached  to  the  upper  part 
of  the  jejunum  or  even  to  the  duodenum.  From  there 
the  worm  extends  far  downwards  along  the  bowel.  Its 
extremity  may  nearly  reach  the  ileo-c^ecal  valve,  where 
not  infrequently  free  proglottides,  which  have  become 
eparated  from  the  rest  of  the  chain,  are  found.  Ttenia 
olium  frequently  causes  considerable  irritation  of  the 
"wall  of  the  bowel,  colicky  pains,  and  even  reflex  nervous 
disturbances. 

The  further  development  of  this  parasite  rer|uire8  a 
iiuje  of  h^d.  The  mature  proglottides  escajie  externally  with  the  faeces. 
Then  the  eggs  which  they  contain,  as  has  been  demonstrated  by  Kiichen- 
meister,  are  developed  mostly  in  the  pigj  more  rarely  in  other  mammals,  such 
as  the  deer,  sheep,  dog,  man.  It  has  been  shown  by  exineriment  that  the  pro- 
glottides are  digested  in  the  stomach  of  the  pig.  In  this  way  the  eggs  and 
embryos  are  set  free,  and  the  latter  pass  through  the  walls  of  the  stomach 
and  intestine  into  the  most  various  organs,  especially  into  the  muscles,  in 
the  interstitial  tissue  of  which  they  are  transformed  into  bladder-like  parasites 
(measles).     These  are  termed  ct/sticcrcuji  celluhsa'. 


Via.  64. — Tr&iiAVBmi  MotioQ 
of  an  iniuiAtura  pn>KloUi)i 
of  t«nU  laediucfinellittii. 
a.  Circular ;  b,  loiif^itu- 
dlnal;  c,  tranHTsrse 
utiKde  Qhna  which  ap- 
pear, owing  to  the  dlight 
nuhugomeut,  as  simple 
Btriw  and  point* ;  d,  the 
two  longitudiiiiU  channclii 
of  the  wnttsT-x-tuculax 
Hyitem,  Tho  other  darl( 
miuwes  seen  (Ijvtdeti  ImaA^ 
versely  belong  to  the 
genital  apparatuji,  xl5. 
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Cysticercus  cellulosse  appears  as  a  translucent  veaicle  of  a  rounded  or  oval 
fonn,  filled  with  a  clear  watery  fluid.  The  diameter  of  this  vesicle,  when  fully 
developedi  varies  between  8  and  12  mm.  (or  about  |  to  ^  inch). 

The  vesicle  consists  of  an  outer  cuticular  and  an  inner  parenchyma  layer. 
The  latter,  as  in  the  tapeworm,  contains  numerous  small  calcareous  concretions, 
the  so-called  calcareous  bodies,  and  a  water- vascular  system.  The  vesicle,  at 
oue  point  in  its  wall,  develops  a  scolex,  which  is  at  first  invaginated  into  the 
cavity  of  the  vesicle,  but  may  subsequently  be  everted  and  then  show  complete 
agreement  with  the  scolex  of  the  Uerda  solium. 

The  cysticercus  does  not  underj^o  further  development  until  it  again 
changes  its  host.  If  a  tissue  containing  the  cysticerci  reaches  the  stomach  of 
man  or  other  suitable  animal,  the  vesicle  will  be  thrown  otf  either  in  the 
stomach  or  intestine  of  the  now  host,  the  scolex  is  set  free  and  becomes  tirraly 
attached  to  the  upper  part  of  the  small  intestine,  and  by  segmentation  of 
it«  hinder  extremity  develops  the  chain  of  proglottides. 

Ajb  a  rule,  it  is  the  use  of  uncooked  measly  jjork  (pork  containing  the 
cysticerci)  w^hich  gives  rise  to  the  develo[iment  of  the  ttf  nia  solium  in  man. 

The  cysticercus  cellulosje  is,  however,  also  some- 
times observed  in  man,  especially  among  the 
insane  with  dirty  habits.  Under  such  conditions 
tajnia'  may  be  introduced  unobserved  into  the 
mouth  by  the  fingers.  Only  a  few  cysticerci  may 
be  found  on p/st-tw/rtem  examination  in  such  cases. 
On  the  other  hand,  in  certain  insane  cases,  the 
history  suggests  that  the  patients  have  introduced 
into  their  months  proglottides  which  they  have 
passed  per  anura.  This  will  correspond  with 
the  fact  that,  in  sucli  eases,  the  cysticerci  are  found 
in  extraordinarily  large  numbers  in  all  the  organs 
of  the  human  body.  In  the  brain,  in  certain 
cases,  the  cysticercus  racemosus  is  also  observed, 
in  the  shape  of  vesicles  with  projections  and 
branchings  like  a  bunch  of  grapes.  These  com- 
paratively rarely  contain  scolices.  The  clustered  and  branched  form  of  these 
cysticerci  seems  to  be  brought  about  by  the  compression  which  they  undergo, 
especially  at  the  base  of  the  brain,  from  the  nerves,  blood-vessels,  and  connective 
tissue  fibres  in  the  Icptomeninges. 

In  man,  in  addition  to  the  muscles  and  the  brain,  the  eye  and  the  heart  are 
relatively  common  sites  for  the  parasite.  It  is  generally  surrounded  by  a 
connective  tissue  capsule,  but  may  occur  as  a  freely  movable  body  in  the 
subdural  space  and  in  the  ventricles  of  the  brain,  in  the  serous  cavities,  and  in 
the  vitreous  humour  of  the  eyes.  (In  the  last-mentioned  situation,  in  a  case 
observed  by  Westpbalea  and  myself,  it  had  produced  an  ex-tensive  formation  of 
connective  tissue  which,  before  the  enucleation  of  the  eye,  had  led  to  the 
diagnosis  of  a  malignant  tumour.) 
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3.  Tenia  Mediocanellata  {KUchenmeiBter),  siro  Saginata  (Gtoeze) 

This  is  distinguished  from  tenia  solium  principalij  by  the  greater  size  of 
the  chain  as  well  as  of  tlie  individual  segments.  The  strobiila  attains  a  length 
of  four  to  eiijht  yards  with  from  1 200  to  1 3U0  proglottides.  The  sexual  organs 
become  mature  somewhere  about  the  GOOth  segment,  t!ie  ova  somevThere 
between  the  900th  and  the  1000th  segment.  Thus  tht^re  would  be  from  100 
to  200  mature  proglottides  in  the  chain.  Proglottides  which  have  escaped 
spontaneously  or  along  with  the  fa?ces  have,  for  the  most  jmrt,  shed  their  ova. 
The  ova  are  more  rounded  in  form,  their  shells  remain  longer  m  si/w,  than 
those  of  tienia  solium.  The  shell  of  the  embryo  is  oval  in  form,  striated 
radially,  and  approximately  0*03  mm.  in  diameter.     The  form  of  the  scolex 
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and  the  nature  of  the  branchings  of  the  uterus  distinguish  this  parasite  from 
tfenia  solium. 

Tbe  head  of  the  scolex  is  flattened  at  the  top,  and  provided  with  four 
suckiug  discs.  Instead  of  the  rostellum  there  is  a  deep  tiaitened  groove.  The 
ring  of  booklets  is  either  entirely  absent,  or  there  are  only  a  few  separate 
booklets  on  the  top  of  the  head.  The  head  is  about  2  mm.  in  diameter,  so 
that  it  is  therefore  somewhat  h\rger  than  that  of  the  trenia  solium.  The 
mature  proglottides  also  are  relatively  large.  Their  uterus  when  full  of  eggs 
has  a  longitudinal  mesial  stem,  and  on  either  side  a  laj*ge  number,  from  twenty 
to  thirty,  of  lateral  twigs,  which  again  branch  repeatedly  (Fig.  67). 

The  structure  of  the  genital  apparatus  is  in  other  respects  similar  to  that 
of  the  taenia  solium.  As  in  the  latter,  the  genital  apparatus  opens  exter- 
nally in  marginally  situated  paj>illse  which  lie  somewhat  behind  the  middle  ef 
the  length  of  the  proglottis.  They  contiiiin  both  the  male  and  female  genital 
opening  in  a  common  cloaca. 

After  the  mature  ova  are  discharged,  which  frequently  liaj)pens  even  within 
the  human  intestine,  the  proglottis  diminishes  in  size.  Occasionally  it  is  even 
partially  digested,  the  proglottis  then  being  pecidiarly  jierforated. 


144 


CESTODA 


The  cystic  form  of  the  tienia  mediocanellata  develops  in  the  ox,  as 
Leuckart  has  shown  experimentally  by  feeding  with  ripe  proglottides.  Patho- 
logical experience  also  shows  that  the  eating  of  raw  beef  ia  the  means  of 
infection.  As  a  nile,  the  number  of  bladder  worms  in  the  ox  is  very  small. 
They  appear  as  small  transparent  vesicles,  in  the  wall  of  which  the  scolex  is 
developed.  The  latter  shows,  like  the  scolex  of  its  taenia,  four  sucking  discs, 
a  frontal  depression,  and  around  it  some  small  hooks.  When  the  scolex 
reaches  the  intestine  of  man,  it  forms  a  chain  of  proglottides,  and  the  booklets 
are  for  the  most  part  thrown  off  In  most  regions  the  taenia  mediocanellata 
occurs  more  frequently  than  the  tsenia  solium.  (In  the  neighbourhood  of 
Dorpat  the  reverse  is  the  case ;  there  the  ta^uia  solium  is  commoner  than  the 
tajnia  mediocanellata  ;  both,  however,  are  rare.) 

3.  Ttenia  Acanthotdaa 

Up  to  the  present  only  the  cystic  form  of  this  parasite  is  known.  It 
resembles  the  cysticercus  cellulosa?,  and  like  it  is  found  in  the  muscles  and 
brain  of  man.  The  cj'sfcicercus  acanthotrias  l»as  a  scolex  which  has,  in 
addition  to  four  sucking  discs,  a  triple  circle  of  about  fourteen  to  sixteen 
booklets. 
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4.  Tsenia  EoMnocoocus 

The  echinococci  are  distinguished  from  the  already  described  toeniffi 
|irineipally  by  the  fact  that  the  scolices  arise  in  liroad  capsules  which  are 
formed  on  the  inner  wall  of  cysts.  The  cysts  themselves,  like  the  bladder 
worms,  are  frequently  of  considerable  size. 

The  tiipeworm  stage  of  the  taenia  echinococcus  inhabits  the  alimentary 
canal  of  the  dog.  It  is,  however,  very  small,  so  that  its  whole  length  does  not 
exceed  5  mm.  (less  than  a  quarter  of  an  inch).  In  its  fully  developed  condition 
it  consists  of  three  or  four  segments,  according  as  the  last  one  is  thrown  off 
or  remains  in  connection  with  the  others.  This  hindmost  mature  segment  of 
the  tsenia  echinococcus  is  longer  than  the  other  three  together  (Fig.  68). 
The  most  anterior  segment,  the  scolex,  carries  four  sucking  discs,  and  a 
rostellum  with  thirty  to  forty  booklets. 

In  man  only  the  cystic  form  of  the  echinococcus  is  found.  Its  develop- 
mental history  has  been  traced  i>rincipally  by  Leuckart,  mainly  by  experiments 
on  pigs.  After  feeding  wiih  mature  proglottides  of  the  taenia  echinococcus 
a  number  of  transparent  vesicles  are  developed  in  the  liver  and  in  other 
organs  of  the  pig,  which,  in  course  of  time,  grow  into  characteristic  echinococci. 
The  taenia  echinococcus  of  the  dog  and  its  ova  are  undoubtedly  the  sources 
by  which  man  is  infected.  CoiTesponding  to  the  wide  distribution  of  the  dog 
as  a  domestic  animal,  the  human  echinococcus  disease  is  found  very  widely 
distributed  over  the  whole  earth,  but  it  is  only  in  Iceland,  where  msui  and  dog 
are  very  closely  associated,  that  it  can  be  said  to  occur  frequently.  It  occurs 
in  three  varieties  in  man. 

a.  Echiiwcoa'us  scdiciparienSt  also  called  rchinocorcns  tfmnnlosus  and  ccJdno- 
crtccus  wterinorum,  forms  small  vesicles  from  a  pigeon's  egg  to  an  apple  in  size. 
It  lies  embedded  in  a  connective  tissue  capsule  furnished  by  the  organs  of  its 
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human  host,  which  consist  of  an  outer  cuticalar  membrane,  characterised  l>y  its 
marked  lamination,  and  an  inner  finely  granular  parenchyma  layer  provided 
with  muscular  fibres.  The  contents  are  formed  by  a  clear  fluid  which  doea 
not  coagulate  either  on  boiling  or  on  the  addition  of  acids  (Fig.  69). 

From  the  parenchyma  layer  small  brood  capsules  are  produced.      These 
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Fig.  60.— Echinococenjt  scolieii«ri<^ii8  in  tho 
hunuku  Uvfr.     Re«Juccil  by  one-tlilrd. 


appeal"  to  the  naked  eye  as  points.      They  project  into  the  interior  of  the 
vesicle,  but  remain  in  connection  with  the  parenchyma  layer. 

The  brood  capsules  are  filled  with  a  clear  fluid  and  have  on  their  inner 
surface  a  thin  cuticidar  layer,  while  their  outer  surface  is  covered  with  a 
continuation  of  th(?  parenchyma  layer  of  the  mother  cyst.  In  course  of  time, 
a  large  number  of  scolices  develop  from  hollow  projecting  outgrowths  of 
these  brood  capsules,  and  subsequently  become  invaginated  into   the  brood 


Fig.  70.— iinxxl  cup&iiles  of  echinococcos  scolicIpArleiis  (vrith  fully  devela(>e(l  scolices  and  hollow  rodlin«iitar 
bodies)  cotkiiDctetl  witL  \.\w  iiarenchyina  Uyer  of  tho  mother  cyst  (after  Lenckart),  x40. 


capsules.  The  scolices  are  then  about  0*3  mm.  in  length,  and  show  four 
sucking  discs,  a  circle  of  booklets,  and  a  rostellum. 

In  many  cases  also,  daughter  cysts  are  formed  between  the  layers  of  the 
cuticle  of  the  mother  cyst,  apparently  from  remains  of  the  parenchyma  layer 
These  daughter  cysts  pass  outward  into  the  neighbourhood  of  the  mother  cyst. 

h.  Echinococcus  hyd<itidosus  (or  E.  aliricijfariens^  or  E.  hottiims)  forms 
generally  very  large  mother  cysts,  which  include  numerous  daughter  cysts. 

10 
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Hie  reeearcheia  of  Nannjn  liAve  shown  that  tbeee  daughter  cysU  arise  from 
a  cjrstie  degeneration  of  the  scolicea,  so  that  there  are  often  no  unaltered 
scoiicet  within  the  mother  cjrst.     It  appears  also  that  brood  capsules  may  be 
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Pia  71.— EclitnoeoeeuB  hjrdftUdosui  In  tiie  Uv«r.    One-tblrd  tutoral  sin. 

converted  into  daughter  cysts  by  becoming  detached  from  the  wall  of  the 
mother  cyst,  losing  their  outer  parenchyma  layer^  and  forming  a  new  paren- 
chyma layer  on  the  inner  surface  of  the  cuticle.  The  number  of  daughter 
cysts  is  often  very  great.     They  may  reach  a  thousand  in  echinococcus  cysts 

which  are  larger  than  a  man's  head* 
In  other  cases  the  number  of  the 
daughter  cysts  is  small,  so  that  transi- 
tions between  this  and  the  previously 
mentioned  variety  arc  easily  demon- 
t:  ited. 

r .  Echinococcus  fMUHlocvlans.  This 
form  of  the  parasite  differs  very 
markedly  in  its  outward  appearance 
from  those  described  above — to  such 
an  extent,  indeed,  that  for  a  long  time 
it  was  looked  upon  as  a  malignant 
tumour,  an  alveolar  colloid  or  gelatin- 
ous carcinoma  (Fig.  72). 

Virchow  was  the  first  to  recognise 
the  parasitic  character  of  the  struc- 
ture in  question.  It  is  found  mostly 
in  the  liver,  where  it  forms  cicatricial 
masses  about  the  size  of  a  fist,  or 
even  larger.  These  include  numerous 
rounded,  smooth -walled  cavities  of  the 
size  of  peas,  or  smaller,  and  filled  with  a  more  or  less  gelatinous  fluid.  The 
central  parts  of  the  mass  frequently  undergo  granular  degeneration  or  are 
-softened  an<l  liquefied. 

The  microscope  further  shows  in   the   firm  cicatricial   masses,  as  a  rule, 
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many  still  smaller,  smoutli-walleJ  cavities  which  were  not  visible  to  the  naked 
eye.  All  the  cavities,  however,  are  lined  with  the  chamcteristic  coustitueots 
of  the  wall  of  the  echinococcns  cysts,  \\z.  parenchymii  layer  and  laminated 
cuticle.  S<;olices  are  sometimes  found  on  careful  searching.  These  small 
bladder  worms  lie  encapsuled  in  the  firm  fibrous  masses  which  are  derived 
from  the  tissues  of  the  host. 

Virchow  has  already  shown  that  many  of  these  small  echinococcua  cysts  lie 
in  lymph-vessels.  Others  peneti'ate  into  the  hlooti-vessels  and  bile  ducts  of 
the  liver.  This,  however,  cannot  often  be  made  out  distinctly.  One  may, 
however,  convince  oneself  by  means  of  serial  sections,  that  many  of  the  small 
cysts  of  the  echinococcus  multiloculai-is  communicate  with  each  other,  so  that 
it  may  be  supposed  to  have  an  irregularly  projecting  or  grape-cluster-like  form. 
It  would  further  appear  that  daughter  cysts  are  formed  in  the  wall  of  the 
small  cysts,  and  that  these  then  become  disseminated  in  the  neighbourhood. 

The  preference  for  the  liver  by  the  echinococcus  multilocularis  has  been 
already  referred  to.  Both  the  other  forms,  the  echinococcus  scolicipariens  and 
hydatidosus,  arc  very  frequently  (according  to  Neisser's  statistics  in  46  per 
cent  of  the  cases)  to  be  found  in  the  liver.  They,  however,  occasionally  occur 
as  multiple  cysts  in  the  other  organs,  especially  in  the  lung  and  plem-a,  in  the 
cranial  cavity,  in  the  kidneys,  in  bone,  in  the  spleen,  and  in  other  viscera. 
The  voluntary  muscles  seem  very  rarely  to  be  affected.  When  they  occur  in 
the  interior  of  an  organ,  echinococcus  cysts  are  always  surrounded  by  a 
cicatricial  capsule  of  connective  tissue ;  while,  in  the  serous  cavities,  they 
occasionally  develop  free.  In  many  cases  the  disease  leads  to  a  fatal 
termination  by  pressure  on  vital  organs,  by  the  sacs  bursting  and  emptying 
into  serous  and  other  cavities  with  subsequent  suppuration,  or  by  perforating 
outwards  and  so  leading  to  the  formation  of  suppurating  sinuses.  In  other  cases, 
however,  the  parasite  dies.  Its  fluid  contents  are  partly  absorbed,  the  walls  of 
the  cyst  collapse,  and  disappear  in  compact  masses  of  cellular  exudation,  which 
become  subsequently  inspissated  and  not  infrequently  calcified. 
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6.  Tsenia  Nana 

This  was  first  observed  by  Bilharz  in  Egypt  in  the  duodenum  of  a  boy,  and 
subsequently  in  Italy  by  Gnissi  and  Visconti.  They  always  occur  in  con- 
siderable numbers.  The  tapeworm  itself  is,  however,  relatively  small.  Its 
full  length  does  not  reach  30  mm.  Tht?  scolex  bears  four  sucking  discs  and  a 
rostellura,  with  a  simple  circle  of  twenty -two  to  twenty-four  booklets.  The 
number  of  proglottides  varies  between  150  and  170.  The  individual  progtot 
tides  are  broad,  about  four  times  as  broad  as  long.  The  uterus  has  the  same 
shape  as  the  proglottis.  The  genital  pore  is  found  at  the  same  lateral  margin 
of  all  the  segments. 
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6.  Teenia  Flavopiuictata 

Once  observed  by  Weioland,  subsequently  examined  by  Leuckart.  It  may 
reach  a  length  of  30  cm.  (12  in.).  The  immature  segments  of  the  anterior  half 
of  the  tapeworm  sometimes  show  a  yellow  spot,  which  is  i>rohably  the 
receptaciilum  swuiiids.  The  segments  in  the  posterior  half  of  the  worm  contain 
a  great  many  ova  which  lie  in  a  wide  uterus,  occupying  almost  the  w^hole  of 
the  segment  The  proglottides  are  short  but  broad  ;  those  at  the  extreme  end 
being  somewhat  elongated  and  traj^ezoid.  The  genital  pore  is  lateral,  and 
always  at  the  same  side. 
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7.  Tsania  BJadagaBcarienaiB 

This  is  about  8  cm.  in  length,  with  about  100  segments.  Numerous  oval 
bodies  lie  in  transverse  rows  within  the  proglottides.  According  to  Davaiue, 
there  are  balls  of  ova  united  to  each  other.  The  genital  [tore  is  lateral  iind  at 
the  same  side  in  all  the  segments.  This  parasite,  discovered  by  Grenet,  was 
found  in  Madagascar  in  a  few  children  and  more  fully  described  by  Davaine. 
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8.  T&nia  Cucumerina 

This  tapeworm  is  found  comparatively  frequently  and  in  large  numbers  in 
the  lower  part  of  the  small  intestine  in  dogs.  It  is  rarer  in  man,  occur- 
ring especially  in  children.  Its  full  length  is  from  18  to  25  cm.  The 
scolox  bears  at  its  anterior  pole  a  club-shaped  rostellum,  which  is  furnished 
with  four  rows  of  short  hooks.  The  hooks  have  small,  discoidal  bases,  not  a.s  in 
other  tieniai,  two  root  processes.  It  is  noteworthy  that  the  proglottides  possess 
on  each  of  their  two  lateral  margins  a  genital  pore  which,  according  to  circum- 
stances, may  serve  aa  an  opening  either  for  the  male  or  for  the  female  organs. 
The  mature  proglottides  have  the  shape  of  cucumber  seeds,  and  are  from  8  to 
10  mm.  in  length  and  1'5  to  2  mm.  in  breadth.  The  uterus  has  at  first  a 
reticulated  branching  form  with  lateral  processes,  which  Ijecome  subsequently 
dilated  into  pockets  by  the  maturing  ova.  A  reddish-brown  cement  substance 
ia  ultimately  produced  between  the  ova,  which  gives  the  mature  proglottides  a 
reddish  colour. 

According  to  Leuckart  and  Graasi,  the  ova  undergo  their  subsequent 
development  in  the  body  cavities  of  lice  and  flejis  which  are  parasitic  on  the 
skin  of  the  dog.  Hero  also  the  ova  develop  into  small  oval  bodies  which 
contain  a  scolex. 
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9.  Bothriocephalua  Latua 

The  bothriocephalua  latus  is  the  longest  of  all  the  tapeworms  of  man. 
It  m*\y  reach  a  length  of  about  5  to  D  yards.  The  individual  segments  are 
relatively  broail  and  short.  The  scolex  is  oval  and  appear.?  somewliat 
flattened  In  its  two  margins  are  elongated  suctorial  grooves  which  pass  ioto 
each  other  by  a  deep  fnirovv  at  its  anterior  pole  (Fig.  73). 

The  number  of  segments  h  enormous,  amounting  to  3000  or  4200.     After 
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Pto.  7s.— Scolex  of  bothrio- 
cepbalna  latos,  x20. 


Matuio  rroglotUdca  of  boUiriocephaliu 


maturity  the  proglottides  are  10  to  15  mm.  broad  and  3  to  4  mm.  long.  The 
genital  pores  are  situated  on  one  surface  of  the  segments  and  near  their 
anterior  border,  as  shown  in  Fig.  74.  Near  the  genital  pore  the  yellowish- 
bro^vn  convolutions  of  the  uterus  can  be  made  out  with  the  nake<l  eye. 

The  ova  of  bothriocephalua  latus  are  enclosed  in  a  brown  shell.  They  are 
oval  in  form,  0'07  mm.  long  .and  0045  mm.  broad.  When  the  ovum  reaches 
water,  an  embryo,  furnished  with  a  thick  ciliated  cuticle  and  some  booklets, 
develops  within  it.  The  embryo,  after  raising  the  lid  of  the  shell,  is  set  free 
and  swims  about  in  the  wat^r.  Its  immediately  subsequent  history  is  unknown  ; 
but  there  are  many  reasons  for  b<ilieving  that  it  enters  into  some  of  the  lower 
animals  which  live  in  the  water. 

It  has  now  been  established  by  the  researches  of  M.  Braun  that  the  larva  of 
bothriocephalus  latus  is  found  in  great  numbers  in  the  wall  of  tlie  intestine,  in 
the  body  cavities,  and  in  the  muscles  of  certain  fishes  (pike,  blenny),  and  when 
these  are  eaten  by  man,  the  dog,  or  the   cat,  the  bothriocephalus  latus  is 
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dereioped  The  Urra  in  the  above-named  fifih^  has  a  cylindrical  bod}*  from 
6  to  8  mm.  long  which  distinctly  shows  at  its  anterior  pole 
the  two  suctorial  grooves  of  the  bothriocephalus  (Fig.  75). 

The  diatribation  of  bothriocephalus  latus  is  limited.  It 
is  most  frequently  found  in  the  neighbourhood  of  the 
Swiss  lakes,  on  the  shores  of  the  Baltic,  especiaUy  in  St. 
Petersburg,  and  the  Russian  Baltic  prorinoes.  It  is  also 
said  to  occur  in  North  America  and  Japan.  Sporadic  cases 
have  also  been  known  in  the  interior  of  Germany,  and  in 
the  south  of  England. 

In  Greenland  and  Iceland  a  second  species,  the  both- 
riocephalus  cordatus,  has  been  obsenred  not  only  in  man 
Pio.  Ts.^-Tm  Urva  of     but  also  in  the  dog,  the  seal,  and  Uie  walrus.     Its  head 
Ui*  ijoUirioccpteiQ*    is  heart-shaped  ;    the  tapeworm,  however,  is  only  80   to 

Uia*    from    th*      ,  ,  ^  „^    i...* 
auttokoTtirfk*.  115  cm.  long- 
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B.  Trematoda  (Suctorial  Worms) 
10.  Distoma  Hepaticum 

Various  distomata,  monostoma  lentis,  and  amphistoma  hominis  represent 
the  trematoda  which  occur  parasitically  in  man.  These  do  not  form  chains  or 
colonies ;  their  alimentary  canal  is  greatly  forked  and  ends  blindly,  while  the 
oral  aperture  lies  at  the  bottom  of  a  suctorial  disc.  The  occurrence  of 
suctorial  discs  in  other  parts  of  the  body  determines  the  subdivisions  of  the 
trematoda.  The  developmental  history  of  these  parasites  generally  requires  a 
complex  alternation  of  generations  and  a  repeated  change  of  host. 

Distoma  hepaticum,  the  large  liver  tiuke,  is  occasionally  found  either  single 
or  more  rarely  in  large  numbers  in  the  bile  ducts  and  gall-bladder  of  man. 
In  sheep  and  cattle,  on  the  other  hand,  especially  such  as  have  l:»een  sent  to 
graze  in  meadows  that  have  been  previously  flooded,  infection  by  this  parasite 
is  very  common.  The  aft'ected  bile  ducts  are  dilated,  their  wall  generally 
thickened,  and  in  many  places  ulcerated  or  fibrous  in  structure.  The  contents 
of  the  bile  ducts  are  replaced  by  bloody  and  muco-purulent  masses,  in  which 
the  distomata  and  their  eggs  are  found  in  large  numbers. 

The  parasite  is  generally  leaf-shaped  and  from  30  to  35  mm.  in  length. 
The  anterior  pole  of  the  body  carries  the  oral  suctorial  disc  (Fig.  76). 
Somewhat  further  backwards  is  the  ventral  suctorial  disc,  the  anterior  margin 
of  which  appro-ximately  indicates  the  limit  between  the  small  conical  anterior 
portion  of  the  body  and  the  much  greater,  leaf-shaped  hinder  portion.  The 
cuticle  of  the  worm  is  covered  with  prickles.  The  alimentary  canal,  the 
sexual  organs,  and  the  water  -  vascular  system  lie  embedded  iu  the  body 
parenchyma. 

The  alimentary  canal  begins  at  the  bottom  of  the  oral  suctorial  disc  as  a 
single  tube,  which,  however,  in  the  neighbourhood  of  the  ventral  disc  divides 
into  two  branches.     These  extend  to  the  right  and  left  of   the  middle  line 
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through  the  whole  hinder  part  of  the  body,  where  they  branch  repeatedly  and 
finally  terminate  blindly. 

In  Fig.  76  the  alimentary  canal  appears  dark  in  consequence  of  bein^'  fully 
distended  with  nutriment,  mostly  derived  from  the  blood  of  its  host,  Iti  the 
middle  line  of  the  same  figure  a  clear  line  is  also  seen.  This  is  the  principal 
stem  of  the  excretory  organ  (water- vascular  system).  It  possesses  a  rich 
arborisation  (which  is  not  sbowii)  and  has  a  free  external  opening  near  the  hinder 
pole  of  the  body. 

Distoma  hepaticnm  is  hermaphrodite.  The  male  and  female  genital  organs 
open  by  a  common  cloaca  in  the  middle  line  of  the  body  between  the  two 
suctorial  discs.  The  male  genital  organs  consist  of  a  cirrhus  (penis),  cirrhus 
sac,  seminal  duct,  and  two  large  testicles,  in  the  form  of  repeatedly  branched 
tubular  glands,  situated  in  the  middle  part  of  the  hinder  portion  of  the  body. 
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Fjo.  77.— Free  •wimming 
embryo  of  dlstonui 
hupntlcum.  Magnl- 
tled  33  time*. 
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Pio,  78. — Ljrtnnubiu  ntlnutUB, 
tlie  widely  cllslrlbutod  in- 
ternK^tiiatc  lio«t  of  dU- 
toma  bcpftticutn.  A, 
Natural  stze ;  B,  i\  tini«s 
nuiguifleU  (afler  Leuckart). 


Fio.  70.— Uiatoiua  bcptticam 
(Inwn  by  tJUOsmittiKl 
ligbt,  x3. 
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Fio.  TS'.— i»i>uioc>  »t  of 
dUl.  l»»i«t.  witit 
reJIffi  In  voriooB 
Bt«g«a  of  der^lop- 
inent(&rt«rLeuck- 
art),  X200. 


The  female  genital  apparatus  consists  of  vagina,  a  complexly  convoluted  uterus, 
ovary,  and  yolk  sac,  of  wliich  the  last  nientioned  maybe  recognised  as  tlie  dark 
dendritically  branched  zone  at  the  margin  of  the  hinder  part  of  the  bodv  in 

The  eggs  of  distoma  hepaticum  are  oval  in  form,  provided  with  a  lid,  and 
are  about  0*13  mm.  Inng  and  007  to  009  mm.  broad.  The  researches  of 
Leuckart  and  Thomas  have  traced  out  their  development  in  all  essential  points. 
The  embryo  escapes  from  the  egg  in  warm  and  moist  places.  It  is  furnished 
with  a  ciliated  envelo])e,  a  pigment  spot,  and  rudiments  of  a  nervous  system 
and  intestine  (Fig.  77).  It  moves  about  actively  in  water  and  penetrates 
the  body  of  a  email  fresh -water  molhisc,  the  lymnieiis  minutus  (Fig.  78). 
After  losing  its  ciliatt-d  envelope  it  becomes  transformed  into  a  s-portjcyst  (Fig. 
79),  within  which  new  t^mbryos,  termed  rrdur:,  are  produced  asexually  (Fig.  80). 

These  escape  from  the  sporocysts  and  penetrate  deeply  into  the  body  of 


152 


DISTOMATA 


their  host,  within  which  they  develop  a  new  generation,  the  caroaria.  The 
tailed  cercaria  (Fig.  81),  subsequently  leaving  the  body  of  the  redia  and  their 
host,  become  free  in  water,  where,  after  shedding  tiieir  tail,  they  adhere  to 
plants  and  other  solid  bodies,  and  there  become  encapsuled  (Fig.  82).  This 
much  has  been  directly  observed.  There  qm,  however,  be  no  doubt  that  the 
cercaria  which  have  been  encapsuled  on  plants  after  being  introduced  into 


Fig.  S3.— Enapniled  eer- 
carta  of  distoma  b«pati- 
cmn  (after  Leockart), 
X150. 


Fio.  60.— Mature  redia  with 
brood  of  cercaria  (after 
LeuckartX  x50. 


Fio.  81.— Jlatore  cercaria 
of  distoma  hepaticam 
with  shell-forming  gland 
(after  Leuckart),  x300. 


the  alimentary  canal  of  man,  cattle,  and  sheep,  develop  a  genital  system  and 
become  converted  into  sexually  mature  distomata. 
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11.  Distoma  Batfaonisi  (Poirier) 

A  few  exotic  parasites  remain  to  be  mentioned  which  can  only  be  referred 
to  in  their  more  important  diagnostic  features,  while  for  special  points  the 
exhaustive  description  in  the  second  edition  of  Leuckart's  great  work  may  be 
consulted. 

Distoma  Eathouisi,  which,  according  to  Leuckart,  is  presumably  identical 
with  distoma  crassum  (Busk),  is  a  worm  of  elongated  oval  form,  25  mm.  long 
by  IG  mm.  broad,  tongue -shaped,  with  a  small  oral  and  a  larger  ventral 
suctorial  disc,  a  smooth  cuticular  envelope  without  hairs  or  scales.     Sexual 
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organs  and  ova  resemble  those  of  diatoma  hepaticum ;  on  the  other  hand,  the 
two  portions  into  which  the  intestine  divides  are  not  further  branched.  It  is 
found  in  China. 

13.  Distoma  Spatbulatum 

The  thin  lancet-shaped  hody  of  this  parasite  is  10  to  13  mm.  long 
and  2  to  3  mm.  broad.  The  oral  sucking  disc  is 
larger  than  the  ventral  one,  which  is  placed  far  back. 
Intestine  simply  forked  without  further  branching. 
Testis  in  the  form  of  a  varicose,  branched  tube  lying 
in  the  posterior  fourth  of  the  body.  Smooth  cuti- 
cular  envelope.  Hermaphrodite.  Found  in  the 
human  gall  bladder  in  China  and  Japan. 

13.  DietomE  Coujtmcttun 

Is  similar  in  size  and  form  to  the  preceding  para- 
site. Cuticle  beset  with  points  and  hairs.  Oral  and 
ventral  suctorial  discs  near  each  other.  Intestine 
simply  forked.  The  main  stem  of  the  water-vjiscular 
system  very  wide.  Hormaphroditc.  Calcutta,  East 
Indies. 

14.  BiBtomt  Laficeol&tum 

This  parasite  very  frequently  occurs  along  with 
distoma  hepaticum  in  sheep  and  cattle,  chiefly  in 
the  smaller  bile  ducts.  In  man  it  is  less  frequently 
seen. 

Distoma  lanceolatum  is  8  to  9  mm.  long,  lancet- 
shaped,  thin,  with  a  smooth  cuticle.  Ventral  sucking 
disc  situated  above  one- fifth  of  the  length  of  the 
body  behind  the  oral  sucking  disc.  Immediately 
behind  the  ventral  sucking  disc  are  two  lobulated 
testicles,  and  behind  these  the  ovary  (Fig.  83), 
The  uterus,  which  is  very  long,  is  filled  with  ova 
and  forma  convolytions  wliich  roach  to  the  very 
hinder  extremity  of  the  botly.  Yolk  sacs  small,  i^C 
situated  laterally  (Fig.  83).  Genital  pore  in  the  *  "* 
middle  line  of  the  body  between  the  two  suctorial 
discs.  Alimentary  canal  simply  forked.  Eggs  0'04 
mm.  long,  0'<>3  mm.  broad,  while  still  in  utero 
develop  a  ciliated  embryo. 


Pio.  es.— Diitonu  luMMoUtun, 
X18. 


lis.  Diatoma  Heterophyes 

Observed  several  times  by  Bilharz  in  the 
human  intestine  in  Cairo.  This  distoma  is  1  to  1  '5 
mm.  long  and  0  7  mm.  broad.  Body  compressed. 
Anterior  half  of  the  body  furnished  with  prickles. 
Ventral  suctorial  disc  near  the  middle  of  the  body,  much  larger  than  the  larger 
oral  disc.  Behind  the  ventral  suctorial  disc  the  genital  cloaca,  like  a  second 
verjtral  suctorial  disc.  Testicles  in  the  hinder  part  of  the  body.  Simple 
forked  intestine. 
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16.  Distoma  Pulinoiifi,l« 


Egg-shaped,    8    to    10    mm.    long, 


Fig.  M.— Dlatoma  pttlinonilb  (after  LettckartX  xlO. 


appears   to 


gnosis  easy.      The  disease 
Formosa  (Manson). 

Kerbert  found  the  same  parasite  ia  the  lungs  of  tigers. 


4  to  6  mm.  broad,  brownish  -  red. 
Transverse  section  of  the  animal  al- 
most circular.  Suctorial  disc  small. 
Ventral  sucking  disc  near  the  middle 
of  the  body.  Cuticle  furnishetl  wiih 
prickles.  Genital  pore  behind  the 
ventral  sucking  disc.  The  intestine, 
divided  into  two  parts,  shows  an  irregu- 
larly wavy  course  and  has  short  diverti 
cula  (Fig.  84).  The  eggs  have  a  yellow, 
relatively  thin  shell,  are  ovaU  about 
0'08  to  O'l  mm,  long  and  0-05  ram. 
broad.  Distoma  pulmonale  is,  accord- 
ing to  the  researches  of  its  discoverer, 
Baelz,  extraordinarily  frequent  in 
Japan.  It  lives  in  small  cavities  in 
the  lungs  surrounded  by  fibrous  tissue, 
which  communicate  with  the  bronchi 
by  smaU  openings.  Thus  the  distoma 
eggs  become  mixed  with  the  sputum, 
which  closely  resembles  the  sputum 
in  tuberculosis.  The  periodic  hemop- 
tysis which  occurs  in  pulmonary  dis- 
tomiasis  increases  the  resemblance  of 
this  disease  to  tuberculosis.  The  dis- 
covery of  numerous  distoma  eggs  in 
the  sputum,  however,  makes  the  dia- 
be  very   common  also  in  Korea  and 
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17.  Dbtoma  Opbtlialmobium 

Observed  on  one  occasion  between  the  lens  and  lens-capsule  in  a  child  which 
died  at  the  age  of  nine  months.  This  was  manifestly  an  early  stage  of  another 
distoma  which  cannot  be  more  certainly  identified.  The  wornis  observed  were 
about  0*75  to  1"5  mm.  long,  possessed  oral  and  ventral  suctorial  discs,  a  simple 
forked  intestine,  and  the  first  mdiments  of  genital  organs.  Cataract  was  also 
present. 
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18.  Diatoma  HematoMum  (BiUiarzia  Hamatobia) 

Is    distinguished    principally   by    the    separation    of  the    sexes    into    two 
individuals. 

The  male,  12  to  H  mm.  long,  has  a  short  and  flattened  auk^rior  part  of 
the  body.     The  lateral  margins  of  the  long  hinder  part  of  the  body  are  folded 
ventraliy  and  thus  form  a  groove  in  which  the 
female  lies.     Both  suctorial  discs  lie   near   «jach  ^^-p^^^^ 

other  in  the   anterior    part  of  the  body.     The  f 

intestine  is  simply  forked,  and  reaches  nearly  to 
the  hinder  end  of  the  body.  The  male  geidtal 
organs,  consisting  of  testicles  and  \'as  deferens, 
open  behind  the  ventral  suctorial  disc  {Fig.  85). 

The  female  worm  is  cylindric/il  in  form,  thin, 
16  to  19  mm.  in  length.  On  the  anterior  part  of 
the  body  are  two  suctorial  discs.  The  female 
genital  a|j|>aratus  opens  behind  the  ventral  suc- 
torial disc.  The  alimentary  canal  shows,  as  in 
the  previously  described  form,  a  bifurcation  in 
front  of  the  ventral  suctorial  disc.  The  two 
divisions,  however,  unite  behind  this  disc  into 
a  single  somewhat  undulating  longitudinal  stem. 
Eggs  oval,  pointed,  or  provided  with  a  lateral 
tooth  (Fig.  86)  0i2  mm.  long,  U'04  ram.  broad. 

Distoma  haematobium,  discovered  by  Bilharz, 
is  found  in  Egypt,  Abyssinia,  and  South  Africa- 
It  lives  in  the  portal  vein  and  its  branches,  the 
veins  of  the  liver,  mesentery,  and  spleen,  and  also  in  the  veins  of  the  rectum 
and  bladder.  It  is  nourished  from  the  blood.  Catarrhal  inflammations  with 
great  redness  and  swelling  of  the  mucous  membrane  and  Bubmucosa  develop  in 
the  rectum,  bladder  and  ureter.  Numerous  ova  arc  found  in  the  exudation  which 
covers  the  mucous  membranes,  as  well  as  in  the  underlying  tissues.  Later 
there  may  he  ulceration,  partial  cicatrisation,  and  in  the  bladder,  small  cauli- 
flower-like projections  of  the  mucosa.  During  life,  in  addition 
to  severe  general  disturbance  of  nutrition^  the  occurrence  of 
blood  and  also  of  exceedingly  minute  fat  droplets  may  be 
observed  in  the  urine.  In  tlie  latter  case  the  urine  shows 
a  milky  cloudiness  (chyluria). 

[Sonsino  has  shown  that  the  embryo  penetrates  into  the 
arjuatic  larva  of  some  insects  and  into  several  species  of 
arthropoda,  and  becomes  encysted  in  them.  It  does  not 
undergo  further  development  till  it  is  set  free  from  its  inter- 
mediate host  within  the  human  stomach.  It  bores  its  way 
thence  into  the  portal  vein.  The  animals  which  act  as  hosts 
are  from  7  to  8  mm.  in  length  and  3  mm.  broad,  and  can  therefore  be  removed 
from  drinking  water  by  filtration  through  coarse  linen.— Tr.] 


Fig.  SA.— M&k>  nnd  reiimtf)  di.stoMMi 
liKiuatobium  (after  DiUi&rz).  En- 
larged about  Mveu  tltitei!. 
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Flo.  66.— Ova  of  dis- 
toniB  hwmatO' 
blam  (Bilharz). 
X  aboot  1M>. 
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19.  Monostoma  Lenfcis 

Eight  specimens  of  this  parasite  were  found  by  V.  Nordraaim  in  the 
cataractous  lens  of  an  old  woman.  These  were  0*3 
mm.  long  and  had  an  oral  Imt  no  ventral  suctorial 
disc. 

20.  AmpMBtoma  Hominia 

Thifi  has  been  twice  found  in  the  large  intestine 
of  man.  The  parasite  was  from  3  to  8  mm.  long,  3 
to  4  mm.  broad,  its  intestine  simply  bifurcated.  A 
suctorial  di.-sc  at  both  anterior  and  posterior  extremi- 
ties. Hermaphrodite.  Genital  opening  in  the  middle 
line^  behind  the  bifurcation  of  the  intestine. 
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Fio.  87.  — AAOarifl  luiubricoSiles. 
AT,  Male;  W,  female.  Half 
n»tanlaiz0. 


C.  Nematoda  {Thread  Worms) 

The  nematodes  are  cylindrical,  elongated  worms 
which  have  a  cuticle  generally  showing  transverse 
rings.  Under  the  cuticle  there  lies  a  muscular  layer 
which  is  not  infrequently  very  highly  developed. 
In  contrast  to  the  previously  described  parasites 
they  are  distinguished  by  the  possession  of  a  body 
cavity,  in  which  an  alimentaiy  canal  and  sexual 
organs  arc  situated.  Furtlier,  a  nervous  system  is 
developed,  as  well  .ns  multiple  touch  corpuscles  on 
the  surface  of  the  body.  Eyes  are  present  in  some 
species  which  are  free-living  in  habit,  but  they  are 
absent  in  the  parasitic  forms.  There  are  no  blood- 
vessels or  respiratory  organs.  On  the  other  hand, 
an  excretory  organ  can  l>e  demonstrated  in  the  form 
of  two  long  canals  at  the  sides  of  the  l>ody  which 
open  externally  by  u  common  opening  in  the  middle 
line  near  the  anterior  end  of  the  body.  The  nema- 
toda which  are  parasitic  in  man  have  separate  sexes. 


%\.  Aacarifl  LtunbricoideB  (Bound  Worm) 

The  small  ascaris  is  about  250  mm.  long  by  3'2  mm.  in  diameter.  Its 
shape  is  that  of  an  elongated  cylinder  pointed  at  both  ends.  The  anterior  end 
is  distinguished  by  three  distinct  lips  whieh  carry  touch  papilla?.  The  hinder 
end  of  the  body  appears  somewhat  curved  inwards,  and  two  spicula  of  about 
2  ram.  in  length  are  regarded  as  the  analogue  of  the  penis. 

The  alimentary  canal  is  an  elongated  tube,  in  which  an  oesophagus,  a 
small  intestine,  and  a  large  intestine  may  be  distinguished. 

It  begins  at  the  anterior  pole  of  the  body  between  the  lips  and  ends  near 
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the  hinder  end  of  the  body  along  with  the  genital  apparatus  in  a  cloaca,  from 
which  the  above-named  spicula  project.  The  testicle  is  a  long  tubular  organ 
which  fills  the  body  cavity  with  numerous  convolutions  and  opens  externally 
by  ail  ejaculatory  duct  near  the  spicula. 

The  female  parasite  is  considerably  larger.  It  attains  a  length  of  400  mm. 
and  a  thickness  of  5*5  mm.  The  female  genital  apparatus  opens  externally  at  the 
junction  of  the  anterior  with  the  middle  third  of  the  body.  It 
consists  of  two  long  ovarian  tubes,  two  uteri,  and  a  single 
vagina.  The  ova  are  very  numerous,  oval,  0*05  to  0'06  long, 
and  have  a  thick  chitinous  capsule.  The  eggs  when  shed  are 
further  enclosed  in  an  albuminous  capsule  which  is  either  clear 
or  stained  yellowish  or  brownish  from  the  contents  of  the 
intestine  of  its  host  (Fig.  88). 

The  round  worm  is  a  very  commou  parasite  which  can  be 
easily  recognised  during  the  life  of  its  host  by  the  numerous 
ova  which  are  to  he  found  in  the  fteces  of  the  patient.  As  a 
rule,  it  occurs  singly  or  in  moderate  numbers  in  the  small 
intestine.     It  is  sometimes  present  in  very  large  numbers.     It 

occasionally  makes  its  way  into  the  stomachy  the  mouth, 
the  nose,  and  the  large  intestine.  It  is  more  rarely  found 
in  the  gall-bladder  or  in  the  trachea.  It  may  perforate 
the  alimentary  canal  and  be  found  in  subcutaneous 
abscesses,  I  once  found  in  Dorpat  two  specimens  in 
the  spinal  canal  of  a  man,  in  whom,  in  consequence 
of  tuljercular  destruction  of  the  body  of  a  vertebra  and 
perforation  of  the  wall  of  the  oesophagus,  a  communication 
between  the  a'sophagus  and  spinal  canal  had  been  estab- 
lished. The  two  round  worms  in  this  case  lay  between 
the  dura  mater  and  the  bodies  of  the  vertebrte.  A  third 
round  worm,  however,  lay  in  the  tesophagus,  but  had 
pushed  a  part  of  its  body  into  the  sinus  between  the 
oesophagus  and  vertebral  column. 

Similar  or  identical  parasites  are  also  found  in  cattle 
and  pigs. 

22.  AticarlB  Mystax 

This  parasite  is  most  commonly  found  in  the  aliment- 
ary canal  of  cats  and  dogs.  It  is  only  exceptionally 
observed  in  man.  It  is  distinguished  by  its  smaller  size. 
The  male  is  45  to  60  mm.  long,  the  female  120  mm. 

/It   is   further   characterised   by   tivo  wing-shaped    pro- 
ceases,  about  2  to  4  mm.  long,  which  are  placed  on  the 
//;"     anterior  end  of  the  body  behind  the  lips. 
23.  OxTuris  VenniculariB  (Seat  Worm) 

This  inhabits  the  large  intestine,  often  in  large 
numbers.  The  male  is  3  to  4  mm.  long,  after  death 
curved  inwards  at  the  caudal  end  (Fig.  89).  The  eggs 
are  oval,  provided  with  a  thin  shell,  O'OJi  mm.  long,  0  0!25  mm.  broad,  and 
may  be  exposed  for  a  long  time  to  dry  air  without  injury  to  the  embryo  which 
they  contain. 

Infection  may  presumably  be  possible  without  an  intermediate  host,  since 


Ijl' 


Kio.  89.  — Oxyuria  venni- 
colarb.  if,  Malo:  W> 
fbm&lc.    X 10. 
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the  ova  which  are  voided  per  anum  may  reach  the  mouth  and  stomach  in  dust 
or  through  other  means.  At  least  Leuckart  has  obtained  positive  results  with 
himself  and  three  of  his  pupils  by  the  direct  introduction  of  the  ova  into  the 
stomach.  This  result  explains  the  reason  why,  in  barracks,  prisons,  hospitals 
of  all  kinds,  the  oxyuris  is  sometimes  endemic.  Every  individual  with  oxjairidcs 
is,  it  would  appear,  a  source  of  danger  of  infection  for  those  about  him.  The 
oxyuris  is  a  very  troublesome  parasite,  because  it  wanders  out  of  the  anus  in 
the  night-time,  and  by  its  active  movements  causes  violent  itching  in  its 
immediate  neighbourhood.  This  provokes  their  host  to  scratching  and  rubbing. 
Thus  there  are  produced  superficial  irritations  of  the  skin,  erections,  onanism. 
Couaequently  the  fingers  e^isily  become  a  means  of  fresh  infectioa  The  genital 
organs  may  also  be  excited  reflexly  by  the  active  movements  of  the  parasite 
within  the  larcje  intestine. 
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24.  Aakylo  stoma  Duodenale 

This  parasite,  often  called  dochmius  or  strongylus  duodenalis,  lives  in  the 
upper  pari  of  the  small  intestine  of  man,  principally  in  the  duodenum  and 

jejunum.  It  is  a  small  cylindrical  worm  ;  the  male 
being  10  mm.,  the  female  being  18  mm.  long.  The 
head  is  bent  backwards.  The  oral  cavity  is  provided 
with  thick  chitinous  layera  on  which  chitinous  teeth 
are  planted.  The  hinder  end  of  the  body  of  the 
male  is  provided  with  a  bell-shaped  structure  (Fig, 
90)  which  consists  of  two  broad,  paired,  and  one 
narrow,  unpaired,  chitiiious  lobe.  These  are  sujiported 
by  rib-shaped  processes  of  body  parenchyma.  From 
the  bell  two  long  spicula  project,  unless  they  are, 
as  in  Fig.  90,  retracted  into  their  case.  In  the 
female  the  genital  organs  open  somewhat  behind  the 
middle  line  of  the  body.  The  eggs  are  oval,  0*05 
mm.  long  and  0'03  mm.  broad,  provided  with  a 
thin  double  contoured  shell 

The  ankylostoma  was  first  discovered  by  Dubini 
in  Milan,  The  structure  of  the  worm  and  its  great  pathological  importance 
were  subsequently  described  by  Bilharz  and  Griesinger.  The  epidemic  occur- 
rence of  the  pai*a,qite  in  bricktields  in  Rhenish  Prussia  and  during  construction 
of  the  St.  Gothard  Tunnel  drew  renewed  attention  to  it.  Its  distribution  is 
somewhat  wide.  It  is  found  in  Italy,  Switzerland,  Germany,  Austria,  Hungary, 
Egypt,  Abyssinia,  East  India,  Java,  Borneo,  Brazil,  Cayenne.  It  fastens  itself 
by  means  of  its  i>owerful  oral  apparatus  to  the  mucous  membrane  of  the 
intestine,  in  which  it  causes  a  small  puncture.  The  blood  which  escapes  serx^es 
to  nourish  it.  The  loss  of  blood  and  perhaps  also  poisonous  products  of 
metabolisra.  of  the  parasite  cause  serious  injury  to  the  host.  Marked  ancemia, 
weakness  and  inability  to  work  result.  These  only  disappear  on  the  removal  of 
the  parasite  (Egyptian  or  tropical  chlorosis).  The  diagnosis  can  be  established 
by  the  discovery  of  the  presence  of  the  ova  and  worms  in  the  fieces. 

It  is  probable  that  the  ova  which  escape  externally,  develop  further  in 
stagnant  water  or  in  moist  earth.  The  eggs  after  being  on  repeated  occasions 
introduced  into  the  stomach,  probably  by  means  of  drinking  water,  develop 
into  sexually  mature  individuals. 


Fio.  90.— Caudal  extremitj  of  u 
male  ankylcwtoma  duodenal**. 
The  oblique  liiica  ruuning 
acrosB  this  extremity  indicate 
tho  two  retracted  spicnla.  At 
the  Bide  a  male  aad  femal*;, 
natural  size. 
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25.  Strongylus  Longevaginatua 

Found  once  in  the  lung;  of  a  boy  of  six  years  of  age  as  a  small  thread-like 
worm.  The  male  up  to  17  mm.  in  length,  the  female  26  mm.,  and  from 
0*.')  to  0"7  mm.  thick.  At  the  posterior  extremity  of  the  male  a  two-lohed 
bell'shapetl  process,  from  which  two  long  spiculie  project  The  female  genital 
organs  open  immediately  in  front  of  the  anus  (Diesing,  Systema  Eelminthy  vol  ii, 
Wien,1857). 

26.  Eustrongylua  Oigas 

A  cylindrical  worm  of  a  reddish  colour.  The  male  attains  a  length  of 
400  mm.,  the  female  a  length  of  1  m,,  aiid  a  diameter  of  12  mm.  At  the 
anterior  end  of  the  body  is  an  oral  aperture  surrounded  by  six  papilla?.  At 
the  hinder  end  of  the  male  a  closed  bell  with  the  male  genitaJ  pore  and  a 
simple  spiciUum.  The  genital  pore  in  the  female  is  70  to  7fi  mm.  behind  the 
anterior  end  of  the  body.  The  intestine  is  at  the  hinder  end  of  the  body  in 
both  sexes,  in  the  male  it  opens  at  the  top  of  the  bell.  Eggs  oval,  0*06  mm. 
long,  0"04  broad,  with  an  albuminous  covering.  This  parasite  has  been  fomid 
in  only  eight  well-authenticated  cases  in  the  pelvis  of  the  kidney  of  man.  In 
the  dog,  wolf,  fox  and  in  some  other  mammalia  it  is  somewhat  more  common. 
In  these  it  occurs  also  in  the  pelvis  of  the  kidney,  more  rarely  in  the  peritoneal 
ivity  or  in  the  lung. 

27.  BhaMonema  StroBgyloides 

This  parasite  has  been  described  as  the  anguillula  or  rbabditis  stercoralis 
and  intestinalis — that  is,  as  two  distinct  species.  The  researches  of  Leuckart 
and  Grassi^  however,  show  that  these  are  only  two  developmental  stages  of 
one  species.  In  Cochin-C'hiDa  and  in  Italy  a  severe  form  of  diarrhcea  occurs 
endemically,  in  which  a  number,  which  is  sometimes  very  considerable,  of  small 
parasites  and  their  ova  is  found  in  the  dejections,  in  the  small  and  large 
intestine,  in  the  bile  ducts,  and  in  the  pancreatic  duct.  These  parasites  belong 
to  one  or  two  closely -allied  species. 

The  smaller  form  of  the  parasite  (anguillula  stercoralis)  is  a  cylindrical 
worm  about  0-9  to  1*0  mm,  in  length,  with  a  blunt  anterior  pole  and  a  sharply 
pointed  hinder  pole,  (Esophagus  short,  narrowed  in  the  middle  of  its  length, 
and  containing  teeth.  The  male  possesses  two  spicula  and  a  bell  at  the 
posterior  pole.     In  the  female,  the  vulva  opens  in  the  middle  of  the  body. 

The  larger  form  {anguillula  intestinalis)  attains  a  length  of  2  2  mm.  The 
external  appearance  of  the  body  corresponds  to  the  above.  Oesophagus  very 
long,  about  a  quarter  to  half  the  length  of  the  body,  provided  with  a  lining  of 
granular  cells.     The  female  alone  is  known.     It  produces  innumerable  eggs. 

The  relations  between  the  two  parasites  appear  to  be  as  follows : — The 
larger  anguillula  intestinalis  is  always  an   intestinal  parasite.      It  produces 
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by  piirthenogeoesis  numerous  thin-shelled  ova  from  0*065  to  0070  mm.  long 
and  0030  to  0*037  mm.  broad.  These  are  discharged  in  chains  per  aniim. 
Then  in  a  moist,  warm  environment  they  become  segmented  and  develop 
embryos.  The  embryos  on  being  set  free  develop  in  the  fasces  iii  warm 
weather  into  male  and  female  anguillula  stcrcoralis.  When  their  ova  are 
impregnated,  embryos  develop,  which  are  iutrodiiced  into  the  intestine  of 
man  in  some  imknowu  manner.  It  is  to  be  noted  that  the  embryos  which 
Bpriog  from  anguillula  intestinalis  show  an  oesophagus  which  has  the  form 
of  that  of  anguillula  stercoralis ;  while,  on  the  other  hand,  the  embryos  which 
arise  from  anguillula  stercoralis  show  the  long  oesophagus  of  A.  intestiiiaUs. 

Literature 

DAVAim! — ^Trait6  des  Entozoairea.     2nd  ed-     Paris,  1877. 

NoRMAND— Arch,  de  raed.,  1878. 

Pebroncito — Joum.  de  I'anat.  et  de  physiol.^  vol.  xviii. 

Leuokakt— Ber.  d.  k.  Saehs.  Ges.  d.  Wiss.,  1882. 

GoLGi  and  Monti— Sulla  storia  delle  cosi  dette  anguiUule  stercoral!  e  intestinali.    Turin,  1886. 

Grassi  aad  Segr£ — Rendic.  della  R  Accad.  dei  Lincei.     Centralbl.  f.  Bact.,  1&87,  Toh  ii. 

28.  Trichocephalua  Dispar  (Wliipwoim) 

This  is  an  apparently  birmless  inhabitant  of  the  coecum  and  the  neighbouring 
portions  of  the  bowel. 

Males   and  females   are  almost   equal   in   length,  40   to   50  mm.      The 
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Fio.  01.— Tridtocepiialus dlapor.    JIT,  Male;  (F,  reiuale.    Uaguifled  fire  Uuies. 

anterior  part  of  the  body  is  thin  and  thread-like  in  both  sexes.  It  mainly 
contains  the  long  ajsophagus  which  is  surrounded  with  large  cells.  The 
posterior  part  of  the  body  is  much  fuller  and  thicker.  The  small  and 
large  intestines  are  situated  in  this  part  aod  open  externally  at  the  hinder 
pole  of  the  body.  In  the  male  this  hinder  section  of  the  body  is  curved 
Bpirally.  The  male  sexual  organs  open  along  with  the  large  intestine  into 
a  common  cloaca,  from  which  the  simple  spiculum  projects.  The  hinder 
segment  of  the  body  of  the  female  is  straight  or  only  slightly  curved.  The 
opening  of  the  female  genital  organs  is  situated  in  the  posterior  segment  of 
the  body  near  its  junction  with  the  anterior  segment. 

The   eggs,  of   oval   form,  are   about   005   mm.  long   and  have  a  thick 
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shell  which  bears  at  each  pole  a  rounded,  translucent  knob.  The}^  escape 
along  with  the  ftecea  and  may  develop  in  water,  although  very  slowly. 
An  intermediate  host  does  not  appear  to  be  necessary  for  their  development 


29.  TriclvUia  Spiralis 

Hilton,  Paget,  Owen,  Zenker,  Virchow,  and  Leuckarfc  have  thrown  light  upon 
this  jjarasitG,  which  is  so  interesting  pathologically.  The  muscle  trifhinn  is 
ibiind  in  the  flesh  of  man,  pigs,  and  other  animals.  It  is  enclosed  in  a  special 
capsule  and  him  no  sexual  organs,  hut  a  well-developed  alimentfiry  canal.  The 
disease,  trichinosis,  is,  as  a  rule,  induced  in  man  by  eating  raw,  insufficiently 
cooked,  or  salted  pork.  The  c-ipsule  of  the  muscle  trichinae  is  de8troye<l  by 
the  action  of  the  digestive  juices  in  the  stomach  and  alimentary  canal.  The 
trichinte  are  thus  set  free,  and  in  two  and  a  half  days  develop  their  sexual 
organs.  In  this  way  the  muscle  trichinte  become  converted  into  intestinal 
trichinae. 

TIic  intedinAd  trichiiur  ai-e  of  separate  sexea,  the  male  being  1'5,  the  female 
3  mm.  in  length.  The  alimentary  canal  is  composed  of  a  long  oesophagus, 
surrounded  by  large  cells,  a  small  and  a  large  intestine.  The  male  genital 
organs,  which  consist  of  a  long  tubular  testis,  a  seminal  vesicle,  and  an 
ejaculatory  duct,  open  along  with  the  large  intestine  into  a  cloaca  at  the 
posterior  body  pole.  This  cloaca  is  provided  with  two  papillaj  or  prehensile 
organs.  The  female  genital  organs,  ovary,  uterus,  vagina,  open  externally 
nearly  opposite  the  middle  of  the  resophagus.  The  ova  develop  an  embryo, 
which  soon  breaks  its  shell  and  becomes  free  while  still  in  the  uterus  and 
vagina.  The  intestinal  trichina  is  thus  viviparous,  and  the  first  embryos 
are,  as  a  rule,  produced  seven  days  after  tricbinous  flesh  has  been  eaten. 

It  is  only  when  the  number  of  parasites  ingested  has  been  enormous  that 
the  intestinal  trichinae  cause  immediate  distui'hance  of  the  intestinal  functions 
of  their  host.  The  action  of  their  very  numerous  progeny  is  much  more 
important. 

It  is  supposed  that,  as  a  rule,  each  female  intestinal  trichina  produces  from 
1200  to  15  CM)  live  embryos.  Many  of  these,  of  course,  are  discharged  with 
the  fiEces  and  then  die.  The  majority  of  them,  however,  pass  through  the 
intestinal  walls  into  the  muscles  of  the  body  of  their  host.  The  disturbances 
which  arise  thereby  vary  according  to  the  number  of  the  eml^ryos.  When  the 
infection  is  moderately  severe  there  is  high  fever,  with  violent  pains  in  the 
muscles,  paralyses,  and  ct-dema. 

The  disease  reaches  its  height  from  two  to  five  weeks  after  the  original 
infection  and  not  infrequently  causes  the  death  of  the  host. 

When  the  trichina  embryos  have  reached  the  muscles  of  the  tnink  and  the 
extremities  tliey  penetrate  the  individual  muscular  fibres  and  move  actively  in 
the  semi-fluid  contents  of  the  sarcolemmx  These  consequently  undergo  a 
granular  degeneration,  so  that  ultimately  the  parasite  lies  in  an  empty  sarco- 
lerama  tul>e.  The  adjacent  intermusculiir  connective  tissue  proliferates  and 
forms  a  thin  connective  tissue  capsule  round  the  intruder,  which  has,  in  the 
meantime,  become  rolled  up  into  a  spiral.  Further,  the  muscle  trichina  forms 
around  itself  a  translucent,  oval,  thick-walled  capsule  (Fig.  92),  in  which  it  cun 
remain  imxctive  for  3'oars,  either  till  it  dies,  or  till  its  introduction  into  the 
stomach  of  a  suitable  mammal  or  of  man  gives  the  stimulus  to  further 
development  into  an  intestinal  trichina. 

The   capsule    of   the  muscle   irkhina    not    infrequently    becomes   calcified. 
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Then  it  becomes  visible  even  to  the  naked   eye  as   a  shining  white  specie^ 

which  appears  dark  by  transmitted 
light.  Sometimes  a  single  capsule  may 
contain  several  triehiufe.  If  the  trichina 
(lies  within  its  capsule,  it  becomes 
calcified  as  well  as  the  latter.  In  the 
individual  muscles  invaded  by  the 
trichinie,  the  latter  are  found  mostly  in 
the  tendons.  As  a  rule,  the  diaphragm, 
the  lumbar^  and  intercostal  muscles,  the 
muscles  of  the  neck,  the  larynx,  and  the 
tongue  are  mainly  attacked.  The  affec- 
tion of  the  muscles  of  the  extremities 
is  usually  less  severe.  This  distribution 
indicates  that  one  part  of  the  wandering 
parasites  is  disseminated  by  the  blood 
and  lymph  streams,  while  the  majority  of 
them  wander  along  the  connective  tissue 
spaces. 

Trichina  spiralis  is  found  iu  cats,  rats, 
mice,  and  some  other  wild  mammals, 
Kabbits  and  dogs  are  specially  well 
adapted  for  experiment. 


W. 


I'la.  l»2.— bncaptuled  muade  Lricliliie,  xlOO. 
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ao.  Filaiia  Bancrofti 

Wucherer,  a  German  physician  in  Bahia,  was  the  first  to  observe  minute 
thread  worms  in  the  urine  reiidered  turbid  with  fat  molecules  in  tropical  and 
subtropical  chyluria,  as  it  occurs  specially  in  Braisil,  the  East  Indies,  China, 
and  other  places.  These  were  found  later  in  Calcutta  by  Lewis  in  the  blood 
in  the  same  disease,  Jilaria  .wngtiiuis  hwnini^\  They  are  small  round  worms 
with  a  rounded  head  and  pointed  tail.  They  attain  a  length  of  0*35  mm., 
while  their  breadth  corresponds  approximately  to  tliat  of  a  red  blood  corpuscle, 
varying  from  O'OOG  and  0'008  mm.  These  small  parasites  have  frequently 
attached  to  them  a  loose,  chitinous  lamella,  which  is  a  shod  embryonic  membrane* 
They  show  active  serpentine  movements  in  the  blood. 

There  can  be  no  doubt  that  filaria  sanguinis  hominis  represents  an 
embryonic  stage  of  development.  Thts  corresponding  sexually  matuie  worm 
was  found  by  Bancroft  as  a  round  worm  8  to  10  cm.  in  length.  This  was 
named  by  Cobbold  the  Filaria  Bancroft!. 

Filaria  Bancrofti  is  found  in  persons  with  chyluria,  in  abscess  cavities  in 
various  parts  of  the  body.  Around  these  abscess  cavities  there  is  a  great  new 
formation  of  coiinective  tissue  which,  when  situated  superficially,  is  frequently 
compared  to  the  elephantiasis-like  thickenings  described  among  the  tumours. 
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From  these  abscess  cxivities  the  embryos  pass  into  the  lymphatics  and  blood- 
vessels \  they  cause  swelling  of  the  lymph -glands,  <Iilatation  of  the  vessels, 
and  frequently  haimatiiria  and  cbylnria.  To  what  extent  the  latter  is  due  to  a 
disturbed  function  of  the  kidney  must  be  regarded  as  doubtful,  since  Havelburg, 
in  a  case  of  chyluria  in  a  Troman, 
obtained  clear  mine  by  catheterising 
one  ureter,  while  the  urine  became 
turl;»id  and  chylous  within  the  bladder. 

The  embryos  are  found  in  the  blood 
mainly  during  the  early  hours  of  the 
night  (Mackenzie,  Havelburg).  Accord- 
ing to  Manson  the  mosquito  serves  as 
the  medium  for  its  further  develop- 
raeut  He  found  filaria  embryos  in  the 
blood  which  had  been  sucked  by  mos- 
quitoes as  well  as  in  the  body  cavities 
of  these  insects.  In  the  latter  case  the 
emltryos  were  already  furnished  with  the 
rudiments  of  sexual  organs.  The  fur- 
ther stages  of  development  are  unknown. 
It  is,  however,  not  improbable  that  the 
further  developed  embryos,  after  the 
death  of  the  ui03(|uito,  pass  into  water, 
and  from  thene>'  into  man,  where  they 
would  1)6  develo[)ed  into  Filaria  Bancrofti. 
from  being  completely  traced. 


Fia.  iiB.'-PllArlA  unguiniA  hoiainu  (after  a  «lnwing 
by  !lr,  llftv«»lburg  in  Santoa),  x  iibout  10, 

Their  life-history  is,  however,  far 
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31.  Filarifi  MedineiisiB  (O-uinea  Worm) 

This  parasite,  which  was  known  in  ancient  times  by  the  name  dracunculus, 
is  even  now,  as  far  as  its  developmental  history  is  concerned,  only  incompletely 
investigated.  Only  the  pregnant  female  has  been  fully  examined  ;  this  attains 
the  length  of  from  60  to  80  cm.  and  nui>re,  but  is  relatively  slender,  about  O^j 
to  2  mm.  in  diameter.  The  anterior  end  is  rounded  and  has  a  small  oral 
opening;  the  hinder  end  tenmnatos  in  a  short  point,  curved  veutrally. 
Beneath  the  thick  cuticle  is  a  strong  muscular  layer  which  bounds  the 
body  cavity  ;  in  the  latter  is  a  very  narrow  intestinal  canal  and  the  extra- 
ordinary wide  uterus.  There  is  no  anal  opening,  and  ati  external  opening 
of  the  female  genital  canal  is  also  unkno^mi.  The  ^vide  uterus  extends  as 
an  elongated  tube  throughout  nearly  the  whole  length  of  the  body.  At  its 
two  extremities  are  situaUid  the  remains  of  the  ovaries.  The  uterus  is  closely 
packed  with  numerous  embryos. 
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The  distribution  of  the  guinea  worm  is  very  wide.  It  is  specially  found 
in  the  tropical  parte  of  Africa  and  Asia ;  but  it  also  extends  far  into  the 
steppes  of  Central  Asia,  from  which  the  specimen  which  is  represented  in 
Fig.  94  was  brought.  It  inhabits  the  cellular  tissues  of  almost  any  part 
of  the  body.  The  more  striking  symptoms  of  the  disease  arise  principally 
when  the  parasite  begins  to  escape  from  the  body.  When  it  reaches 
the  subcutaneous  tissue  a  small  tumour  is  forme^l,  apparently  from  the 
accumulation  of  fluid  exudation.  At  hist  the  skin  is  broken,  mostly  through 
the  assistance  of  the  patient  or  the  physician,  and  a  somewhat  serous  fluid 
escapes,  while  at  the  bottom  of  the  wound  the  head  of  the  worm  becomes 
visible.  As  a  rule,  the  effect  is  very  unfavourable  if  the  worm  is  ruptured 
in  the  attempt  to  remove  it.  This  fact  is  explained  by  the  wandering  of 
the  Kberated  embryos  into  adjacent  parts.  No  doubt  the  access  of  pyogenic 
oi^anisms  also  plays  an  important  part  here.     Sinuous  abscess  cavities  may 
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Fio.  04.— FDAria  nu»dinensi3.    Tmnsv«j-ae  s«ctioQ,  x32.    At  the  side  ad  embryo  removed  from  theuterua,  x200. 


develop  subsequently.     As  a  general  rule,  the  retention  of  parts  of  the  worm 
favours  suppuration  with  its  consequences,  which  are  not  infrequently  fatal. 

With  reference  to  the  developmental  history  of  this  parasite,  the  observa- 
tions of  Fedschenko,  whicli  were  made  in  Turkestan,  and  his  experiments  are 
of  special  interest.  It  appears  that,  when  the  embryos  becoraf  free,  they  must 
mostly  pass  into  water  and  then  penetrate  into  an  o.vceedingly  minute  species 
of  crustacean,  a  cy clops.  Within  this  they  increase  somewhat  in  size,  develop 
an  alimentary  canal  and  aitparentl}'  the  rudiments  of  a  genital  organ.  Their 
further  fate  is  not  known.  It  api>ear9,  however,  that  man  is  infected  by 
drinking  water  from  marshes  and  stagnant  pools.  The  guinea  worm  is  thus 
the  parasite  of  dry  steppes  and  deserts  in  whicli  thirst  leads  to  the  use  of  im- 
pure water.  Still  there  is  opportunity  for  infection  in  many  cities  and  settle- 
ments, as  is  showTi  by  Samarkauil.  Between  the  day  of  infection  and  the 
appearance  of  the  swellings  caused  by  the  worm,  there  may  be  an  interval  of 
nine  to  eleven  months. 
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32.  Filaria  Loa 

Tlie  occurrence  of  other  filaritc  in  the  bodies  of  men  and  of  animrtls  has 
been  repeatedly  mentioned.  While  some  of  the  latter  are  fairly  accurately 
known,  the  data  about  the  human  filaria,  other  than  the  above-mentioned 
varietieSf  arc  still  incomplete.  TXxvi's,  fiUria  hniU  has  been  mentioned  as  being 
found  in  the  extracted  human  lens  (v.  Nordmann,  Gscheid)  \  tilaria  lahialis 
wjis  observed  in  a  pustule  of  the  upper  lip  by  Pane  j  filaiw  hrcmchialis  in  the 
bronchial  glands  of  a  phthisical  patient  (Treutler).  Filaria  loa^  a  round 
worm,  30  mm.  in  length,  appears  to  be  frequently  found  in  the  conjunctiva  of 
negroes  in  West  Africa  (Guyon).  It  causes  great  reddening  and  pain  in  the 
eye ;  it  sometimes  stays  in  the  deeper  parts  of  the  orbit. 

Dr.  Argyll  Robertson  has  supplied  the  translator  with  the  following  details: — 

The  iilaria  Ior  is  a  transpareut  cokmrless  worm  of  firm  consistence,  measuring  between  20 
and  SO  mm.  in  lengtli,  and  from  0-5  mm.  to  1  mm.  in  thickness.  It  tapers  slightly  at  either 
extremity,  the  tail  end  being  more  sharply  jjointcd  than  the  liwwJ  extremity.  The  male  worm 
is  shorter  and  thinner,  and  has  a  more  curved  and  a  more  [wintfJ  tail  end  than  the  female. 
It  has  also  a  sflries  of  large  papillary  eminences  at  the  tAil  end.  The  whole  surface  of  both  the 
male  and  female  wonu  is  studdfd  with  small  circular  tranaparcut  tubercles,  which,  Dr. 
Manson  snggests,  sen-e  the  jmrposes  of  locomotion.  The  worm  affects  persons  who  are  natives, 
or  who  liaye  been  long  resident  in  Western  E<juatorial  Africa.  It  has  only  been  seen  tinder 
the  conjunctiva,  or  under  the  skin  of  the  eyelids,  or  neighbouring  parts  of  the  face.  In  a  few 
instances  the  parasite  lias  been  removed  by  operation, 

D.  Acanthocephali 
33.  EchmorhyBcbUB  Hominis 

The  echinorhynchi  are  parasitic  worms  which  have  no  alimentary  canal 
and  are  distinguished  Ijy  possessing  a  retractile  proboscis,  provided  ivith 
numerous  hooks.  The  sexually  mature  animals  inhabit  the  alimentary  canal 
of  vertebrata.  The  sexes  are  separate.  The  females  are  distinguished  by  their 
greater  size.  The  developmental  history  has  been  accurately  traced  in  many 
species,  especially  in  the  cchinorhynchus  gigas,  which  is  common  in  the  pig. 
The  fecimdated  ova  escape  with  the  contents  of  the  alimentary  canal.  Then 
the  embryos  pass  through  an  intermediate  stage  in  water  insects  and  their 
larvae,  and  there  develop  the  rudiments  of  sexual  organs.  These,  however,  are 
not  completely  developed  until  the  embryos  have  again  reached  the  alimentary 
canal  of  a  suitable  mammal. 

Ecbinorhynchus  hominis  \vx%  been  once  found  by  Lambl  {Prtujer  Vicrkl- 
jahrsrhi.,  1859)  in  the  intestine  of  a  boy  of  nine  years,  who  had  died  of  leu- 
cocythnemia.  The  parasite  was  5*6  mm.  long,  0*6  mm.  broad.  Its  globular 
proboscis  had  twelve  rows  of  eight  hooklete  each.  The  rudiments  of  the  female 
genital  organs  were  recognisable,  but  were  not  fully  mature. 


V.  Arachnoidea  and  Insecta 


1.  Pentastoma  Denticulatum 

The  pentastomata  belong  to  the  group  of  the  Linguatulida  or  Tongue 
Worms.  They  are  arachnoidea  imperfectly  developed,  or  perhaps  degenerated 
in   consequence  of  their  parasitic   life.     The  sexually  mature  tongue- worms 
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inhabit  the  nasal  and  frontal  cavities  of  vai'ious  animals.  Tho  eggs  which 
escape  externally  contain  an  embryo  which  becomes  free  as  soon  as  the  eggs 
are  introduced  along  ^vith  food  into  the  stomach  of  rabbits  and  hares.  The 
embryos  jjasa  out  of  the  stomach  into  the  liver,  where  they  become  encapsuled, 
and>  after  repeated  changes  of  skin,  assume  the  form  of  the  fully  developed 
animal.  Then  the  young  animals  leave  their  capsule,  wander  through  the 
organs  of  the  host,  and  eventually  reach  the  lungs  and  the  bronchi.  They  are 
then  expectorated.  After  they  escape  externally  they  can  exist  for  a  time, 
until  they  again  reach,  either  along  with  the  food  or  in  some  other  manner, 
the  mouth,  or  phar^iix  or  nasal  cavities  of  mammals,  where  they  can  become 
sexually  mature. 

Pen-tasUnna  dentirutaium  sometimes  also  occurs  in  the  liver  of  man.     This 

tongue-shaped  parasite  is  5  mm.  long,  and 
represents  tho  early  stage  of  pentastoma 
tffinioides,  which  exists  in  its  sexually 
mature  condition  in  the  nasal  cavities  and 
frontal  sinuses  of  dogs,  horses,  and  other 
animals,  where  it  causes  severe  catarrh. 

The  sexually  mature  male  is  1 8  to  26 
mm.  long,  the  female  70  to  130  mm. 

At  the  anterior  end  of  the  body  of 
pentastoma  denticulatum  is  an  oval  mouth 
and  two  pairs  of  booklets,  which  latter 
are  to  be  regarded  as  rudimentary  limbs. 
The  cuticle  is  provided  ^vith  numerous 
prickles. 

Another  variety,  pentastoma  constric- 
tum,  is  found  in  Egypt  in  the  livers  of 
negroes. 
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2,  Demodex  a.  Acams  FoUiculormn 

This  parasite,  which  is  0"3  to  0-4  mm. 
long,  lives  in  dilated  hair  follicles  and 
sebaceous  glands.  It  generally  causes  no 
serious  uffection.  It  has  on  its  head  a 
suctorial  proboscis  and  a  pair  of  antennse 
with  three  joints.  In  the  anterior  seg- 
ment of  the  body  there  are  a  median 
longitudinal  and  four  transverse  bands  as  well  as  four  pairs  of  stumpy  limbs, 
with  two  joints.  The  posterior  segment  is  tninsversely  annidatcd  and  some- 
what longer  than  tho  anterior  part  of  the  body. 


Fi(j.  05.— PcutMtoiiia  fleiitfciilfttuiii,  x  17.    At 
the  fidv,  hookleta  much  otilortJiml. 


3.  Acams  Scabiei  (Itch  Insect) 

The  itch  insect,  also  called  sarcoptes  scabiei,  is  a  small  ovoid  parasite,  on 
which  we  can  distingiush  a  body  and  four  pairs  of  extremities.  The  male  (Fig. 
96,  (/)  attains  a  length  ol  0'23  mm.  It  carries  on  its  third  pair  of  legs  a  long 
bristle,  while  the  other  feet  end  in  long-stalked  suckers.  The  female  (Fig.  96, 
b)  is  about  twice  as  large.  The  anterior  pair  of  limbs  alone  bear  stalked 
suckers,  while  the  hinder  limbs  ond  in  long  bristles.  The  cuticle  has  small 
grooves,  and  on  the  back  spines  and  numerous  short  bristles  are  also  present. 
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anterior  end  of  the  body  is  the  mandibular  apparatus,  then  follow  three  jointed  limbs.  They 
live  in  grass  and  shrubs,  and,  during  harvest-time,  pass  on  to  man,  especially  to  reapers,  and  on 
to  dogs.  Their  bites  cause  a  troublesome  irritation  of  the  skin,  and  sometimes  also  skin 
eruptions. 

5.  Ixodes  Bidnu  (Wood-b«etle,  Dog-tick) 

Small,  reddish-brown,  blackish  mites,  about  1  to  2  mm.  long,  with  four  pairs  of  limbs. 
The  ticks  live  on  leaves  in  copses,  and  pass  to  sheep,  cattle,  dogs,  and  man.  The  females  bore 
their  head  into  the  skin  of  their  host  and  suck  their  fill  of  blood,  whereby  they  become  greatly 
distended. 

Man  is  also  attacked  in  the  same  way  by  the  Ixodes  Amerieanus  in  the  forests  of  America  ; 
the  Argas  reflexus^  a  mite  which  occurs  in  dove-cots ;  Argaa  persicm  and  Argaa  Tholosani  in 
Persia  ;  Argaa  Chincha,  in  Columbia  ;  Argas  Talaje^  in  Central  America  ;  and  the  cinnamon 
red  Chriih^pUs  monunguicvZosus,  which  occurs  in  barley. 

A  number  of  wingless  insects  deserve  mention  on  account  of  their  presence  on  man : — Pediculus 
capitis  (the  head  louse) ;  Pediculus  vestimenti  (the  clothes  louse) ;  Pediculus  inguinalis  or 
pubis  (the  crab  louse) ;  AcarUhia  {Cimex)  leduearia  (the  bed  bug) ;  Pidex  irritans  (the  common 
flea) ;  Pukx  {Sarcopsylla)  penetrans  (the  sand  flea).  The  impregnated  female  of  the  last-mentioned 
species,  which  is  found  in  Central  and  North  America,  push  their  heads  into  the  skin,  particu- 
larly that  of  the  feet,  where  they  excite  either  a  painful  itch  or  else  cause  more  serious  lesions 
through  septic  or  pysemic  infections. 

Of  the  dipterous  insects  it  is  especially  the  larvce  (maggots)  which  sometimes  occur  in  man. 
Thus  the  larvae  of  Sarcophaga  camaria  (the  flesh  fly),  Musca  cadaverina  (carrion  fly),  if. 
vomitoria  (blowfly),  M.  dcmestica  (ordinary  fly),  if.  ^abulans  (stable  fly),  are  occasionally  found 
in  neglected  ulcers,  wounds,  in  the  external  auditory  meatus,  in  the  urethra  and  vagina,  and 
in  the  stomach.     In  the  last-mentioned  place  they  may  cause  hsemorrhage  and  vomiting. 

The  larvffi  of  Lueilia  Jiominivorax,  which  are  found  in  South  America,  cause  severe  disturb- 
ances in  the  nasal  cavities  and  frontal  sinuses  of  man.  The  larvae  of  other  tropical  diptera, 
Anthomyia  scalaris  and  canalicularis,  reach  the  human  intestine,  and  in  South  America  the 
larvae  of  LcrmcUobia  noxialis  penetrate  the  skin  of  various  mammals  and  of  man  (Braun,  die 
thierisdi^n  Parasiten  des  Menschen^  Wiirzburg,  1883). 
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The  introductory  observatioDs  on  internal  causes  of  disease  have  shown  in 
general  that  they,  also,  must  be  assumed  to  depend  to  a  certain  extent  npon 
the  external  conditions  of  life.  Indeed,  investigation  of  the  internal  causes  of 
disease  by  the  indm^tive  method  is  only  possible  when  we  are  allowed  to  assume 
that  these  internal  causes  of  disease,  when  traced  to  their  ultimate  source, 
depend  tipon  measurable  influences  of  the  external  world ;  and  examination  of 
the  older  medical  literature  shows  that  the  advance  of  knowledge  has  steadily 
diminished  the  number  of  those  diseases  which  were  supposed  to  be  mainly 
due  to  internal  causes. 

The  views  just  stated  as  regards  the  direct  immediate  causes  of  disease 
(caw-sff  jttvximm  sivf  ddtnmnanktt)  are  more  or  less  generally  recognised. 
They  hold  equally  good,  however,  for  the  remote  causes  of  and  predispositions 
to  disease  {cmi^v  renwtcB  me  prmUs/ujmnk'n),  Even  when  these  predisposir 
tions  are  directly  manifested  by  variations  within  normal  limits  of  the  anatomical 
structure  and  functions  of  the  organs,  the  statement  of  the  mere  fact  that  a 
defioite  condition  in  certain  organs  is  to  be  regarded  as  a  predisposition  to 
disease  is  not  in  any  sense  a  final  explanation.  This  will  only  be  satisfactory 
when  the  causes  which  give  rise  to  those  variations  are  discovered.  These 
causes,  liow  ever,  as  has  already  been  fully  explained,  can  only  lie  examined  and 
established  by  the  study  of  the  correlation  between  the  variations  of  the 
organism  and  the  external  world.  And  should  it  at  last  appear  that  the 
processes  by  which  the  organism  is  built  up  necessarily  involves  the  production 
of  variatiuns,  we  can  only  regard  this  as  established  with  certainty  if  these 
processes  are  seen  to  be  the  necessary  result  of  the  associated  action  of  the 
forces  of  the  external  world  which  combine  to  form  the  organism.  It  will 
easily  be  understood  that  these  most  interesting  questions  will  constantly  be 
re-examined.  The  attempt*  to  answer  them  have,  no  doubt,  at  all  times, 
advanced  our  knowledge  of  the  sulijcct ;  but  it  must  be  remembered  that,  after 
all,  little  has  l>een  really  settled  in  this  direction,  and  the  main  question,  the 
nature  of  the  vital  process,  still  remains  unsolved.  Inductive  research  on  this 
point  must  liraJt  itself  to  following  up  the  clues  already  available.  In  so 
doing,  a  phenomenon  of  great  practical  and  theoretical  importance  is  met  with, 
viz.  the  hereditary  nature  of  many  pathological  conditions,  since  all  internal 
causes  of  disease  ap^war  to  be  more  or  less  hereditary.  The  examination  of 
this  subject  is,  therefore,  of  special  imiiortance  and  may  be  most  simply  carried 
out  here  by  means  of  some  examples. 

By  the  term  Jufmophilia  or  "  bleeding  "  we  describe  a  pathological  condition 
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manifested  externally  by  frequently  repeated  extensive  hajmorrhages.  These 
hiemorrhages  are  usually  associated  witb  injuries,  but  the  slight  nature  of  the 
injury  is  out  of  proportion  to  the  great  quantity  of  blood  lost.  An  insignificant, 
punctured,  or  incised  wound  of  the  finger,  or  an  uuavoidable  injury  to  the  jaw 
during  the  extraction  of  a  tooth,  may  give  rise  to  hicmorrhages,  lasting  several 
days,  which  may  very  greatly  weaken  the  patient,  and  may  often  even  causes 
death.  In  other  cases,  slight  or  severe  contusions  without  solution  of  continuity 
of  the  skin  lead  to  serious  haemorrhages  in  the  subcutaneous  cellular  tissue,  or 
even  to  fatal  subcutaneous  bleeding.  On  jtod-mmian  examination,  great 
masses  of  coagulated  blood  are  found  lying  subcutaneously  and  in  the 
intermuscular  tissue,  while  the  vascular  system  and  the  internal  organs  are 
retnarkabiy  anajimic  and  pale.  In  addition,  luemorrhages,  apparently  spontaneous 
and  with  no  external:  cause,  appear  in  the  subcutaneous  cellular  tissue,  the 
nasal  cavities,  the  bladder,  and  other  organs.  A  mother  may  put  her  child  to 
bed  in  perfect  health  in  the  evening  and  next  morning  find  it  covered  with  blue 
spots,  due  to  subcutaneous  haemorrhages. 

To  explain  this  remarkable  form  of  disease,  it  was  suggested  that  the  blooil 
of  these  patients  could  not  coagulate.  Observation  soon  showed,  however, 
that  the  blood  on  the  surface  of  the  wounds  in  hiemophilia  does  actually 
coagulate,  and  even  that  large,  extensive  coagula  may  form  in  the  wound, 
while  the  haemorrhage  persists  deei*ly.  It  was  therefore  considered  that  it  was 
due  to  great  fragility  of  the  vessels.  A  review  of  the  cases  described  appears 
to  me,  however,  to  indicate  a  somewhat  comjdtcated  form  of  disease.  The 
occurrence  of  spontaneous  hfemorrhages  does,  indeed,  require  the  assumption  of 
ti  greater  fragil  if  If  in  the  i^mnUer  resads  and  mpUlari^s,  It  appears,  nevertheless, 
to  be  associated  with  two  further  disturbances.  In  the  finst  place,  remarkable 
hypersemias  are  noted  in  connection  with  the  spontaneous  haemorrhages — that 
is,  sudden  congestion  of  individual  vascular  areas  wdiich  may  arise  from 
didm-httnrt'.'i  of  the  vum-wotor  iMnen'<(tion.  As  I  have  pointed  out  and  will 
subsequently  discuss  iu  detail,  every  continued  acceleration  of  the  blood-stream 
in  an  artery  leads  to  dilatation  of  its  lumen  by  the  action  of  the  vaso-motor 
nerves.  The  dilatation  may  also  be  present  in  haemorrhages,  so  long  as  the 
extent  of  the  hsemorrhage  is  itisigni/i^^ant,  for  every  opening  in  the  vessel  wall 
which  leads  to  hiemorrhage  indicates  a  diminution  of  the  frictional  resistance 
offered  to  the  blood-stream  by  the  afferent  JU'tery.  It  must,  therefore,  produce 
an  acceleration  of  the  stream  in  this  artery.  Under  normal  conditions, 
however,  every  large  hasmorrhage  causes  a/nsinctiim  of  the  aortic  system  ;  the 
prelimiuary  dilatation  of  the  lumen  of  the  vessel  is  followed  by  a  constriction. 
In  haemorrhage,  therefore,  the  actions  of  the  two  regulating  mechanisms  in  the 
vaso-motor  apparatus  neutralise  each  other.  Over-action  of  the  first,  the 
nerve  apparatus  which  causes  dilatation,  may  in  itself  explain  profuse  haemor- 
rhage. Probably  in  hiemophilia,  in  addition,  the  blood  coagulates  more 
slowly,  the  tirtie  reipdred  for  a»ttjultithni  is  hmjer  thun  normal^  and  it  may  be  still 
further  protracted  during  the  bleeding.  Extensive  coagula  thus  form,  but 
these  only  involve  the  blood  collecting  on  the  surface  of  the  w^ound,  wliile 
deeply,  immediately  round  the  bleeding  vessels,  no  coagidation  which  might 
close  the  gaping  mouths  of  the  vessels  takes  [)lace  in  the  freshly  shed  blood. 

It  may  be  remarked,  perhaps,  that  this  explanation  is  by  no  means  simple. 
Our  knowledge  of  another  disease,  aiteriosclerosis,  however,  argues  for  a 
correlation  betxveen  the  tension  of  the  vessel  wall,  the  innervation  of  the  vessel 
wall,  and  the  composition  of  the  blood.  This  also  applies  to  chlorosis,  and 
probably  even  to  the  changes  in  the  composition  of  the  blood  found  in  certain 
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intoxications  and  infections  which  lead  to  haemorrhage.  This  correlation, 
however,  is  not  by  any  means  strange.  On  the  contrary,  it  is  to  be  expected 
that  the  composition  of  the  blood,  the  tension,  elasticity,  and  innervation  of  the 
vessel  wall  should  be  mutually  dependent  on  one  another.  The  proof  of  this 
rautuall}'  dependent  reiatioo  wi]l  be  discussed  in  Chapter  VIII.  The  various 
forms  of  disease  mentioned,  which  must  not  be  confused  with  one  another, 
may,  however,  proceed  from  various  disturbances  of  this  correlation. 

Hiemophilia  is  such  a  remarkable,  often  even  startling  disease,  that  it  does 
not  escape  the  observation  of  the  laity.  It  has  thus  been  possible  to  prove 
conclusively  the  hereditary  natm-e  of  this  disease  in  many  families  without  any 
difficulty.  Grandidier  has  collected  accounts  of  a  large  number  of  such  families 
of  bleeders.  A  very  complete  genealogical  tree  of  a  family  of  bleeders  is 
published  by  Lessen  (Fig.  97). 

It  will  be  observed  that  in  these  bleeding  families  the  great  majority  of 
the  males  are  bleeders^  while  the  female  members  of  the  family  are  entirely 
free  from  symptoms  of  disease.  They  only  transmit  the  disease  to  their  male 
children.     It  is  hard  to  say  upon  what  this  peculiar  selection  of  the  males 


QO    6\ 


6"ip^ 


i<?*^i 


66   d6  6b  lib  66  bib  i*:^  dO 

BIi9«<leni,  couUaed  to  Ihe  in<ile». 


Ptn.  97.— Genea.loj^cal  trtx?  of  the  Mampel  fanijly,  according:  to  LoftMn.    | 
□  Healthy  iiiaIchi.    O  Healthy  females. 


depends.  It  brings  to  mind  the  fact  that  the  blood,  even  in  normal  conditions, 
shows  quantitative  differences  in  chemical  composition  in  the  two  sexes.  In 
other  bleeding  families,  also,  it  is  observed  that  the  males  only  are  affected. 
Sometimes  this  relation  varied  so  that  the  disease  was  directly  inherited  by 
the  male  progeny  from  the  father. 

Another  hereditary  disease  matiifeatfl  itself  by  the  symptom  of  fohjima.  In 
their  first  year,  or  while  still  at  the  breast,  the  children,  in  such  cases,  excrete 
an  excessively  large  quantity  of  urine  and  show  corresponding  increase  in 
thirst.  This  latter  appeara  as  a  secondary  symptom,  due  to  the  need  of 
supplying  the  water  removed.  The  disturbance  persists  in  the  same  manner 
even  in  later  life.  The  urine  is  almost  colourless  and  of  very  low  specific 
gravity  (1001-1003),  very  slightly  acid.  The  quantity  of  urine  voided  in 
twenty-four  hours  varies  in  different  individuals  from  5  to  15  litres-  Weil  has 
compiled  the  genealogy  of  a  family  suffering  from  this  disease  (Fig.  98).  In 
this  figure  also  the  males  of  the  family  are  represented  by  a  square,  the  females 
by  a  circle.  In  the  case  of  those  individuals  who  suffered  from  polyuria,  the 
square  or  circle  is  filled  in  in  black.  The  descendants  of  a  father  suffering  from 
polyuria  are  five  children,  twenty-nine  grandchildren,  and  fifty -six  great-grand- 
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children — in  all,  ninety-one  persons.  Of  these^  twenty-three  suffer  from  polyuria 
(diabetes  insipidus),  namely,  the  father,  three  children,  seven  grandchildren,  and 
twelve  great-grandchildren.  The  disease  was  inherited  fairly  equally  by  the 
two  sexes.  A  definite  percentage  of  the  descendants,  certainly  not  equally 
large  in  all  generations,  were  affected,  and,  in  this  case,  it  was  only  those 
affected  who  transmitted  the  disease  to  their  descendants. 

At  present  it  would  be  useless  to  ask  Avhether  in  hereditary  polyuria  an 

abnormal    condition    of    the    filtering 
.-'?  apparatus  in  the  kidney,  or,  perhaps, 

a  disturbance  of  the  vaso-motor  inner- 
vation of  the  kidneys  is  inherited. 
That  nervous  disturbances  are  heredi- 
tary in  a  very  high  degree  is  not  only 
proved  by  the  experiences  of  specialists 
in  mental  disease,  as  regards  insanity. 
Colour- blind n^s»  (Daltonism)  and  night- 
blindness  are  affections  of  the  ner- 
vous apparatus  of  the  retina  which 
are  both  hereditary.  The  latter  is 
fre<iuently  associated  with  abnormal 
pigmentation  of  the  retina  (reiinituf 
pigmentosa)  and  appears  especially  to 
affect  those  families  in  which  inter- 
marriage is  frequent. 

Heredity  is  by  no  means  limited 
to  the  nervous  system.  In  support  of 
this,  we  have  the  hereditary  occurrence 
of  progressive  nmsailar  ainrphij,  cataract^ 
aa^vus  or  mother's  mark,  the  connective 
tissue  tumour  formations  {fU/roma) 
cif  t}te  mamma,  certain  new  formations 
in  bone  (exostoses),  and  lastly,  dwarfism 
(microsomia,  nanosomia).  It  is  note- 
worthy that  there  are  many  points 
of  agreement  between  the  behaviour  of 
hereditary  disease  and  the  facts  ascer- 
tained concerning  the  heredity  of  family 
likeness.  Just  as  the  son  not  infre- 
quently resembles  the  mother  and  the 
daughter  the  father,  so  in  the  same 
way  a  crossed  heredity^  certainly  one- 
sided, is  found  in  hsemophilia.  It  has 
further  been  observed  that  children 
who  resembled  the  mother  in  early 
life  in  after  yeai-s  become  like  the  father;  while,  in  other  cases,  the  resem- 
blance to  the  father,  which  was  at  first  present,  gives  place  to  a  resemblance 
to  the  mother.  This  may  lie  ascribed  t«  late  manifestation  of  the  resemblance 
and  may  be  brought  into  line  with  the  fact  that  nmvy  hnrdifary  dii><ascs  mdy 
manifisl  themselves  in  Inter  yrurs  (hereditary  cataract,  retinitis  pigmentosa).  In 
other  cases,  they  are  apparent  at  birth.  Lastly,  the  fact  that  hereditar}-  diseases 
sometimes  pass  over  one  or  more  generations  reminds  us  of  the  phenomenon  of 
cUavism. 
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These  analogies  might  be  carried  further.  Investigation,  however,  cannot 
stop  here.  It  must  rather  search  for  the  external  causes  which  induced  the 
disease  in  the  affected  person  who  transmitted  the  disease  to  his  descendants, 
in  cases  of  apparently  inexplicable  diseases  and  inherited  predisposition 
to  diseases.  In  this  connection  two  widespread  diseases,  ajigiosclerosis  and 
iiiberculosis,  may  perhaps  be  favourable  subjects  to  begin  with.  In  both  these 
affections  external  causes  of  disease  have  been  pointed  out,  although  of  very 
differing  characters ;  both  diseases  are  frequently  associated  with  characteristic 
appearances  in  the  figure  and  skeleton,  and  for  both  hereditary  predispositions 
appear  to  exist.  The  hereditary  nature  of  the  predisposition  to  tuberculosis  is 
very  probable  in  man  and  quite  certain  in' some  members  of  the  animal  kingdom. 
In  the  same  way,  a  hereditary  weakness  of  the  vascular  system,  such  as  a 
disposition  to  angiosclerosis  or  arteriosclerosis,  is  very  probable.  There  is 
a  great  mass  of  statistics  concerning  this  disease,  but  a  lack  of  accurate  observa- 
tions of  separate  families  followed  through  several  generations.  It  is  possible 
for  house  physicians  and  for  hospitals  and  dispensaries  in  small  towns  to 
obtain  these.  This  would  involve  much  trouble,  but  would,  however,  serve,  to 
a  great  extent,  to  clear  up  the  subject.  As  soon  as  the  most  recent  develop- 
ment in  medicine,  etiological  investigation,  has  been  fully  worked  out  in 
relation  to  intoxications  and  infections,  as  soon  as  the  first  results  have  been 
obtained  in  the  etiology  of  the  diseases  of  the  vessels,  the  etiology  of  heredity 
may  be  successfully  investigated. 
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Malformation  ia  the  term  applied  to  diaturbojicea  of  the  anatomical  structure 
of  the  body  which  originate  in  the  embryonic  and  fcetal  periods  {terata,  vitki 
rtmfji-nU*t).  Malforrnationa  of  slight  importance  are  anvmalks  or  al>nonH(ditic% 
especially  if  they  relate  to  single  elements  of  the  anatoraicai  structure,  such  as 
the  anomaloua  course  of  tin  artery.  More  evident  deviations  from  normal, 
however,  seen  in  the  newly-born  child(  have  been  called  numsters.  From  early 
times,  until  the  appearance  of  Lemery,  Winslow,  and  A,  v.  Haller,  they  were 
regarded  as  wmders^  generally  of  evil  omen. 

Winslow  and  Haller  advanced  the  theory  that  the  malformation  is  the  result 
of  a  pdmarif  aiionmlt/  in  ihe  ovmn^  present  before  fecundation,  while  Leraery 
8upix)3ed  the  monsters  to  indicate  disturbances  of  embryonic  development,  such 
as  pressure  and  other  externa!  injuries.  Later,  when  the  developmejital  history 
of  man  and  animals  was  more  accurately  known,  J.  F.  Meckel  and  Geoffrey  St 
Hilaire  (father  and  son)  dealt  with  teratology  separately  and  directed  attention 
to  the  arn'st  of  iioruuil  (hrdopimnt  and  the  iies^miion  of  (p-owth  at  early  stages  of 
development.  The  great  tnass  of  literature  which  followed  was  carefully  reviewed 
by  Forster  in  the  begiruiing  of  the  year  1860.  After  repeated  and  considerable 
additions  to  our  knowledge  in  this  subject  had  been  made,  AhHeld  worked  it 
up  anew,  considerably  enriched  it,  and  recapitulated  it  in  a  large  book  of  plates. 
Notwithstanding  this,  the  etiohgy  of  tnnlfcmMtwu,  as  it  now  stands,  is  very  im- 
perfectly known.  Hcrtditij  has  to  he  considered  in  many  cases.  The  pre.sence  of 
supernuraerary  fingers,  the  absence  of  single  fingers  and  toes,  hare-lip  especially, 
are  often  observed  throughout  many  generations  in  the  same  families.  Single 
generations  may  be  passed  over,  or  the  malformation  may  be  confined  to  the 
male  or  to  the  female  descendants.  Caution  must  be  exercised  in  drawing 
a  conclusion,  if  several  children  of  the  same  mother  manifest  malformation, 
as  there  may  be  some  abnormal  conditions  in  the  reproductive  organs  of  the 
mother. 

Diseases^  of  the  ftdiis  are  also  important  as  regards  the  origin  of  malformations. 
(Edematous  effusions  into  the  membranes  and  tissues  of  the  developing  embryo 
give  rise  to  formation  of  fissures,  by  preventing  the  closure  of  the  various 
itivaginations  and  involutions  of  the  layers  of  the  embryo.  Adhesions  between 
embryo  and  amnion  lead  to  deformities,  to  the  formation  of  fissures,  and  even 
to  separation  of  some  parts  from  tlie  body.  In  the  same  way,  valvular  affections 
are  observed  in  the  fa»tal  heart  similar  to  the  valvular  diseases  of  extra-uterine 
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life.  Under  certain  circumstaucesj  they  give  rise  to  considerable  disturbances 
in  the  development  of  the  heart  and  blood-vessels.  The  circulatory  derange- 
ments which  may  occur  in  twins  from  one  o^nun,  ns  the  result  of  an  anastomosis 
of  the  vascuJar  system  in  the  two  individuals,  aro  still  more  important.  They 
lead  to  excessive  accumulation  of  amniotic  fluid,  to  congestion  in  the  venous 
system,  to  congestion  m  the  liver,  and  to  other  serious  manifestations  of  disease. 
In  these  cases,  the  origin  of  the  fietal  disease  may  be  indicated  with  some 
certainty.  In  other  cases,  its  etiology  is  to  be  looked  for  in  more  or  less 
evident  pathological  conditions  of  the  parents,  or  in  intoxications,  infections,  or 
injuries  which  extend  to  the  embryo  during  intra-uterine  life. 

Particular  attention  has  been  devested  to  injury,  as  well  aa  to  external 
influences  of  various  kinds.  The  elder  Geoffrey  St.  Hiiaire,  Panum,  Dareste, 
L.  Gerlach,  0.  and  Iv.  Hertwig,  and  Roux  have  attempted  to  cause  raal  forma- 
tion b  experimentally  in  the  eggs  of  birds  and  frogs.  Shaking  the  ^v^^  tapping, 
partial  varnishing,  unequal  warmth,  slightly  mising  or  diminishing  the  tempera- 
ture during  incubation,  erect  position  of  the  egg,  according  to  their  \iews, 
produce  double  monsters  especially,  but  only  if  applied  within  the  first  forty- 
eight  hours  of  incubation.  In  other  cases,  the  interference  gives  rise  to  a  de- 
rangement of  the  embryonic  vascular  system  and  deficient  blood  formation,  winch 
causes  further  impairment  of  the  nutrition  of  the  embryo  and  leads  to  numerous 
malformations. 

Mtrlforwntkms  hura  still  auvthct'  interfM  as  mpwds  tlie  dtolofjy  of  lUsnue  from  the 
fact  that,  on  their  part,  they  are  the  cause  of  further  disturbances.  Many  of  the 
more  considerable  malformations  may,  by  their  serious  nature,  render  extra- 
uterine life  impossible.  Amongst  those  we  class  the  more  extensive  disturbances 
of  the  central  nen'ous  system,  as  well  as  the  more  severe  malformations  of  the 
vascular  system.  Occlusion  of  the  o'sophagus  or  anus  may  also  be  paitly 
included  in  tliis  group.  In  other  cases,  the  malformation  constitutes  a  permanent 
danger  to  life,  as,  for  instance,  prolapse  of  the  brain  membranes  or  portions  of 
the  brain  below  a  closed  covering  of  tine  skin.  8till  more  frequently  the 
malformation  gives  rise  to  disturbances  of  the  functions  of  the  organs,  and 
sometimes  acta  as  a  predisposition  to  disease.  Lastly,  certain  varieties  of 
malformation  are  closely  related  to  pjithological  tumour  formations.  It  is 
desirable,  therefore,  to  give  a  short  account  of  the  most  important  varieties  of 
malformations,  especially  of  those  which  involve  the  general  structure  and 
external  configuration  of  the  body  ;  while  a  more  minute  consideration  of  the 
malformations  of  the  individual  organs  must  be  deferred  to  the  pai't  dealing 
with  special  pathological  anatomy,  where  their  importance  may  be  more 
fully  considered  in  much  shorter  space. 
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I  Double  Monsters  {Mmsira  Dnplkia) 

In  many  pregnancies  several  embryos  dovebp  in  the  uterus,  and,  according 
to  their  number^  are  styled  twins,  triplets,  quadruplets,  quintuplets,  etc. 
Speaking  generally,  there  are  two  diiferent  origins  possible.  Either  several 
separate  ova  attain  development  in  the  uterus,  so  that  each  embryo  has  its 
special  amnion  and  chorion,  or  one  or  more  embryos  arise  from  the  one  ovum. 

In  the  latter  case,  we  speak  of  kmwhrjous  tuyins  ami  triplets.  Each  embryo 
then  kis  its  own  amnion,  while  the  chorion  is  common.  In  few  cases,  however, 
the  septum  existing  between  the  various  amniotic  cavities,  may  be  absent  or 
atrophied,  so  that  the  embryos  lie  in  a  common  amnion.  Twins  anci  triplets 
from  one  ovum  are  always  of  the  same  sex  and  show  remarkable  similarity  in 
their  external  appearance,  sometimes  even  after  extra- uterine  growth  is 
completed.  In  connection  with  their  origin,  it  must  be  assumed  that  in  one 
ovum  there  are  two  or  three  separate  embryonic  areas.  Ova  with  those  mul- 
tiple embryonic  areas,  but  in  an  earlier  stage  of  development,  have  been 
repeatedly  described  in  vertebrated   animals,   in  birds,  and  fishes  (Fig.   99). 


KiQ.  W.— Twin  formation  iii  IJit'  aalmoii.    Arreat  of 
dovclopuietit  iu  one  iiidividuAl  (»fter  Kuoch). 


Fhj.  100.— Partial  tlupllcatJim  Ui  the  percb 
(after  t.  But). 


Corresponding  observations  in  man,  however,  are  limited  to  the  results  obtained 
from  the  investigation  of  older  embryos. 

Dmtlde  formfitwM  are  ^aihohgioil  when  the  union  between  the  twins  is 
abnormally  great.  In  describing  these  conditions,  we  can  distinguish  between 
cases  of  complete  duplication  of  the  axis  of  the  embryonic  rudiment  from  those 
of  i^rtial  dupliciition. 

Complete  duplkation  of  the  emhnjm'u'  nidiiiwhi.^  results  in  a  double  development 
of  the  central  nervous  system  at  least,  while  the  remaining  parts  may  be  more 
or  less  completely  united.  Ana.stomoses  of  the  placental  vessels  are,  however, 
alway.'i  present,  even  in  separate,  normally  formed  homologous  twins  and  triplets, 
so  that  this  union  of  the  vessels  may  be  regarded  as  representing  the  slightest 
degree  of  their  union. 

In  parlial  duplicatiott  of  the  axis  of  the  germinal  area  the  embryo  formed  is 
more  or  less  doubled  at  the  head  or  the  coccjtx,  while  the  other  extremity  of 
the  body  is  single.  Double  formation  was  originally  supposed  to  be  due  to  an 
adhesion  between  the  two  ova  with  disappearance  of  the  parts  at  the  site  of 
the  adhesion,  an  opinion  which  has  alread}-  been  opposed  by  Winslow  and  von 
Haller.  Wolft^  Reichert,  voii  Baer,  and  d'Altou  have,  however,  found  ova  of  the 
lower  animals  at  early  stages  of  development  which  directly  showed  the  mode 
of  origin  and  growth  of  double  formations  and  double  monsters  (Fig,  100). 

These  observations  on  the  ova  of  animals  prove,  in  the  first  place,  and  in 
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an  irrefutable  manner,  the  possibility  of  the  development  of  a  double  formation 
from  one  ovum.  The  observations  became  of  more  general  importance  when 
it  became  clear  that  human  double  monstrosities  also  had  the  essential  charac- 
teristics of  twins  derived  from  one  ovum.  They  have  a  common  chorion, 
usually  a  common  auinion.  The  individuals  combined  to  form  a  double 
monster  arc  always  of  the  same  sex,  female  double  monstrosities  Wing  about 
twice  ag  numerous  as  male  ones.  Lastly,  it  a|>pears  also  that  in  double  monsters 
symmetrically  situated  parts  are  always  united.  If  previously  Bejmrated  ova 
could  unite  to  form  a  double  monster,  embryos  of  ditterent  sex  must  occasionally 
fuse,  but  this  condition  has  never  been  observed.  Union  of  different  asym- 
metrical parts  of  the  body  would  also  be  found  occaRionally. 

There  can  thus  be  no  doubt  that  double  monsteis  may  be  fonncd  from  one 
ovum.  It  is  much  more  difficult,  however,  to  determioe  the  nature  of  the  dis- 
turbances in  the  ovum  which  produce  the  malformation.  Von  Baer,  Eeichert, 
Forster,  and  Ahlfeld  incline  to  the  view  that  there  is  a  division  of  the  previously 
single  germinal  area.  Burkow,  Claudius,  and  Panum,  on  the  other  hand,  thotjght 
the  duplication  must  arise  from  the  fusion  of  several  germinal  areas  formed 
in  the  same  ovum.  Somewhat  similar  views  were  held  by  Itiiuber,  who, 
however,  suggested  a  new  theory  concerning  the  mode  of  formation  of  the 
germinal  areas,  regarding  them  as  separate,  radially  directed  outgrowths  from 
a  common,  circular,  marginal  zone,  which  subsequently  became  fused.  No 
conclusion  as  regards  these  views  can  be  expected  until  the  information  obtained 
is  somewhat  fuller.  Some  researches  by  Born,  however,  show  that  in  double 
formation  in  the  ovum  of  the  pike  the  two  first  cleavages  are  like  those  of 
normal  ova,  so  that  the  malformation  is  only  manifested  later. 
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1.  I>uplidtaa  Aiialifl  Totalis 

The  duplication  of  the  whole  of  the  axial  structures,  especially  of  the  central 
nervous  system,  was  said  above  to  proceed  from  a  complete  duplication  of  the 
axis  of  the  embryonic  rudiment.  Since,  in  addition  to  this,  the  parts  which 
ai'e  not  included  in  the  axial  struct\ires  are  doubled  to  a  greater  or  less  extent, 
we  may  distinguish  the  following  varieties  : — 

(tf)  Fusitm  of  the  Double  Formdlmi  confuiiul  to  Ihr.  Placenta  and  Us 
A}>jtemhujes ;  the  Bodus  of  the  Twins  sejHirnie 

(«,  a)  Eqiudhj  tkvektjtcd  and  sepnrak  Iwins^  Iwmolofjoiis  or  derived  from  one  ovum. 
As  in  all  double  formations,  the  chorion  is  single,  the  amnion  is  single  or  double. 
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The  ivo  i^aeeoUe,  origiiuUj  distiBct  aa  the  two  aftantair  reside^  fie  doae 
bende  one  aaodier,  sad  tmraraUy  skcnr  ■■Mtomiwiii  of  their  WMk  (Hiiks; 
H Jit],  Sdtttx,  KnstBer).  As  a  rale,  the  eiiaiioiiioaiiK  bloodkrwHli  are  naa 
to  be  c^iillancs  and  arteries;  bat  in  aonie  of  the  nam  the 
alao  auMtniiiniir  The  tvo  nmbiKfal  coeds  najr  also  fie  in  a  ea 
acBibfaiie  for  a  certain  distanee.  The  an^e  cord  thns  lianBed  bifnraikes 
before  it  readieB  the  bodies  of  the  cofmpleteljr  eepanted  embrjosw  The 
fljse  and  weight  of  these  twins  from  one  ovum  are  abnost  without  egeeptkw 
beiov  the  DormaL  The  leegnbhnce  between  the  tirina  k  stMiHiiirs  ao 
complete  that  asatfoiaiationa  of  indjvidoalotgans^sndi  as  Twpeff^^ 
of  tiie  eeatnl  nenrons  sTaten,  the  genital  orgsaa^  or  the  ingeta,  oocset  m  the 
same  manner  in  both  twins. 

(&,  V)  r«tiu,  hmmiof^n  and  teparaU^  mmpttOf  devdtpei, — The  Tineq[aal 
doTelopment  of  separate  hoaologons  twins  is  a  very  eonunoQ  phenomenon, 
The  one  embryo  is  then  larger  than  the  other,  bat  boUi  may  develop  withoot 
any  eerioiis  pathological  change  nntfl  the  termmalioD  of  pcegBa^cj.  In  other 
cam  this  dunge  is  considerahle.  In  one  embcyo  Ajulreawiisi  may  ^ipear,  or  it 
nay  become  timisf  ormed  into  a  ahapeleas  mdxmeDty  eognrfSacniL  In  other  casea 
the  one  embryo  dies  and  is  either  bora  prematurely  or  is  only  caat  off  as  ayMv 
pi^pifnueut  or  fatm  mnfmmtitmha  after  the  living  tirin  has  leaefaed  matuiity. 
These  pathologica]  processes  are  rery  frequently  dependent  upon  circnlatoiy 
distorbances  doe  to  the  anastomosis  of  the  ressels  in  the  two  pbeenta^  ao 
that  these  most  be  considered  in  detaiL  dandins  was  oeitainly  the  first  to  deal 
with  this  question  soocessfdlly,  and  to  gire  as  a  completely  atisfaetary  sketch  of 
the  developmental  history  of  the  acardiac  monster  More  recently,  Schats  and 
Kustner,  especially,  have  attributed  the  hydrajnnioe  in  horaologoos  twins  to 
these  circulatory  disturbances,  although  their  views  differ  somewhat. 

In  my  opinion,  Kustner's  theory  is  perfectly  correct.  It  can,  hoverer,  be 
directly  confiraied  by  examination  of  the  development  of  the  vascnlar  system, 
and  be  brought  into  doee  relation  with  the  other  circulatory  disturbances  of 
the  fietos  and  with  those  of  the  adult. 

From  my  previous  investigations  on  the  normal  growth  of  the  arteries  and 
on  many  diseases  of  the  fully  formed  vascular  system,  a  Uw,  as  yet  universally 
eotroborated,  has  been  obtained  which  may  be  briefly  expressed  as  fbUows: — 
penutent  accekrafum  of  thr  Idocd- dream  Uads  io  a  dHataiian  cf  the  hfoodmmitt 
wherm$  ferntient  rrt^irdatvm  nf  the  hkcd-tirmm  pndmcet  tandridiBtL  Aaneiated 
with  the  dilatation  there  Lg  an  increase  in  thiclmess  of  the  yeaael  wall,  and  that 
chiefly  in  the  muscular  layer ;  wliile  the  muscle  of  the  ^'essel  wall  diminishes 
in  bulk  when  the  channel  of  the  stream  is  narrowed.  In  the  latter  ease, 
connective  tissue  derived  from  the  endothelium  is  found  on  the  inner  aspect 
of  the  vessel,  formed  in  its  intima,  under  circumstances  which  cannot  be  more 
fully  dealt  with  here.  Obserrations  in  reference  to  this,  made  on  the  area 
vasculosa  of  the  chick,  proved  to  me  that  these  conclusions  are  ecjually  applies 
able  to  the  embrj-onic  development  of  the  vascular  system. 

In  the  network  of  the  capillaries  of  the  embryonic  area,  which  are*  at  first, 
uniform  in  calibre,  veins  and  arteries  are  formed  ^om  those  channels  which  are 
chiefly  selected  by  the  blood-stream.  Those  capillaries  in  which  the  stream 
is  active  become  dilated,  and  thus  lead  to  a  differentiation  in  the  character  of 
the  vessels.  This  is  carried  further  by  the  gro^vth  in  lengthy  diameter,  and 
thickness  of  the  wall  in  the  vessel,  which,  to  begin  with,  had  only  been  slightly 
dilated.  Another  factor  then  appears,  viz.  the  disapf>earance  of  those  capillary 
ehaaneU  through  which  the  blood  flows  in  smaller  quantity. 
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In  Fig.  101  a  part  of  the  ciipillary  network  of  the  vascular  area  of  a  chick 
iit  tho  fortj'-ejghth  hour  of  inciihation  at  37'  C.  is  given,  magnified  thirty  times. 
The  portion  of  the  capillary  network  Bituatetl  Itelow,  on  the  left,  is  directly 
supplied  by  the  peripheral  end  of  the  primitive  aorta, .«,  and  the  arrows  show 
the  further  course  of  the  blood- stream.  It  is  clear  that^  in  such  a  capillary 
network,  the  rate  of  flow  throughout  its  whole  extent  cannot  be  equal.  Direct 
observation,  indeed,  shows  the  opposite.  A  few  channels,  distinguished  by 
greater  width  (ft,  /*,  r),  have  a  more  rapid  How  of  blood  and  become  trans- 
formed into  arterial  branches  (Fig.  102).  The  more  these  wider  channels  are 
selected  by  the  bIoo<l- stream,  however,  the  smaller  is  the  stream  passing 
through  the  remaining  part  of  the  capillary  network,  and  this,  accordingly, 
suffers  retrograde  clianges  (Fig.  102). 

Fig.  102  was  drawn  by  low  magnifying  power,  enlai'ging  26'4  times,  the 
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FiO.  lOi. — Part  of  the  capilUuy  network  of  ttnH  am  \-aifcnli«Hk  In  the  ckick  at  the  forty-eig^htli  hour  of 
iDcabatiou,  x  SO.     L^rgtit  distueters  of  th«  area  vucuIom,  10-&  by  10  tutn. 

magnification  being  in  such  a  proportion  that  the  area  vosculosa  of  the 
younger  chick  appears  as  large  as  that  of  tlie  older.  Surfaces  identical 
in  size  may  therefore  be  directly  compared.  It  is  thus  easily  proved  that 
whole  series  of  capillaries  are  absent  or  are  just  disapiK^ring,  whereas  the 
channels  selected  by  the  blood-streanj  have  become  wider,  and  have  gradually 
assumed  the  characters  of  arteries,  while  losing  their  immediate  connection  with 
the  capillaries.  This  account  would,  however,  not  be  complete,  if  it  were  not 
mentioned  that,  simultaneously,  the  capillary  channel  is  extending  in  other 
directions.  Details  cannot,  however,  l>e  entered  upon.  All  that  can  l>e  d*nie  here 
is  to  give  a  general  outline  of  the  law,  according  to  which  the  capillaries  change 
into  larger  vessels.  The  details  will  be  found  in  ray  work  quoted  at  the  end  of 
the  chapter. 

The   same  obedience  to  law  which  is  present  in  the  formation  of  the 
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individual    branches   of  the   vessek,   is  also  observed    in  the   whole    of  the 
germinal  area. 

I  shall  not  discuss  the  earliest  stivges,  the  jmired  rudiment  of  the  heart 
(Dareste,  Hensen,  Ktilliker),  the  first  movements  of  the  blood,  and  the  develop- 
ment of  the  marginal  veins,  although  the  mechanical  relations  of  the  parts 
appear  just  as  distinctly  as  later,  when  the  circulation  is  well  developed.  After 
this  latter  condition  has  been  reached,  it  is  easily  seen  that  even  the  paired 
arrangement  of  the  rudiment  of  the  vascular  system  is  sacrificed  to  these 
mechanical  laws.  The  arterial  blood  passes  into  the  germinal  area  by  two  large 
arteries,  entering  at  right  angles  to  the  long  axis  of  the  body  of  the  embryo, 


^'^C^ 


i4§e4SS;>^^"fiS 


ioiir^ts^, 


'r<. 


^^^^<d^' 


^^Q 


'Q 


e 


-^.11^' 


I 


^^' 


© 


% 


\s. 


't 


df 


jo^; 


J^ 


■W5 


\7^x 
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the  arterfffi  omphalo-mesentericic  The  blood  then  Hows  through  the  capillaries 
in  a  centrifugal  direction,  until  it  is  collected  by  the  marginal  veins,  the  vena 
sive  sinus  terminalis,  and  is  conducted  back  to  the  heait  by  the  omphalo- 
moaeuteric  veins  (Fig.  103).  At  first  two  pairs  of  veins  are  present  in  addition 
to  the  pair  of  arteries  ;  but  in  Fig.  103  these  have  become  unequal  in  size,  and 
lak*r,  only  an  iiiituriur  and  a  posterior  omphalo-mesenteric  \'ein  are  usually 
present.  The  coaiiso  of  the  blood  in  the  vascular  area  is  determined  by  the  vis-a- 
tergo  of  tho  heart.  If  the  thud  in  a  round,  tlat  glass  vessel  or  plate  be  set  in 
motion  from  the  centre  in  two  opposiUi  directions,  two  streams  are  formed 
which  tlow  in  the  same  directions  as  tlmst?  of  the  germinal  area.  The  maxi- 
muuj  speed   of  the   stream  is  in   the  directions  indicated  by  the  arrows  in 
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the  scheme  in  Fig.  103.  In  these  directionis,  accordingly,  the  arterial  and 
venous  channels  develop,  while  the  originally  paired  rudiments  of  the  anterior 
and  posterior  veins  are  converted  into  unpaired  vessels. 

In  double  formation  a  somewhat  complicated  prohlem  is  set,  since  the  de- 
velopment of  two  hearts  creates  two  centres  for  the  movement  of  the  hlood  and 
the  development  of  the  vessels.  The  facts  which  have  heen  obtained  relative 
to  this  are  still  limited,  as  far  as  the  first  stages  of  development  are  con- 
cerned. I  have  therefore  borrowed  from  Dareate's  work  the  drawing  of  the 
embryonic  area  of  a  double  monster,  in  which  two  embryos  with  separate  hearts 
are  united  at  the  anterior  pole  (Fig.  104).  The  size  of  the  two  embryos  is  not 
quite  identical^  thai  on  the  left  in  the  illustration  being  somewhat  larger.  It 
is    not    certain  whether   this  is  due  to   accident    in    dramng.     In    any  case, 
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Pio.  103.— VesfloU  from  a  chick  embryo  on  tJie  third  tUy  of  Incnliatlou. 

however,  the  portion  of  the  vascular  area  belonging  to  this  embryo  is  much 
smaller.  If  we  seek  to  account  for  the  occurrence  of  soch  inequalities  in  the 
development  of  the  arteries  and  veins  in  the  common  area  vasculosa,  it  must  bo 
borne  in  mind  that  it*?  capillary  network  is  in  uninterrupted  connection  through- 
out When  the  two  hearts  are  developed,  there  is  necessarily  a  struggle  for 
supremacy  between  the  two  centres  for  the  circulation  of  the  blood.  The  heart 
which  works  %vith  greater  force  will  send  a  greater  and,  therefore,  a  more  rapid 
stream  of  blood  into  the  common  capillary  area.  The  arteries  and  veins 
supplied  by  it  will  therefore  increase  their  luraen  more  rapidly,  and  will  also 
extend  their  formation  further  into  the  common  capillary  network.  Thus  the 
stronger  of  the  two  hearts  comes  to  supply  the  greater  part  of  the  common 
embryonic  area,  as  may  be  seen  in  Fig.  104.  The  inequality  of  function  in  the 
two  heartfi  may  be  more  considerable  in  other  cases,  so  that  the  share  of 
one  embryo  in  the  common  capillary  network  may  be  very  small. 
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Certain  fact«,  which  will  be  considered  later,  force  us  to  asaimie  that  the 
capillary  network  of  the  body  of  the  one  embryo  is  also  finally  supplied  by  the 
blood*8tream  of  the  other.  When  this  occurs,  the  weaker  heart  loses  all  its 
function,  and  the  one  embryo  appears  as  the  parasite  of  the  other.  It  is  a  fact 
fully  established  by  experience,  that  these  parasites  afterwards  show  consider- 
able imperfection  in  their  bodily  development.  A  similar  condition  arises, 
however,  when  the  development  of  the  one  heart  is  absent  in  double  formations, 
as  has  been  represented  in  Fig.  105. 

The  struggle  for  supremacy  between  the  two  hearts  takes  place  in  an 
exactly  similar  fashion  in  unetjually  developed,  separate,  homologous  twins. 
The  starting-point  is  formed  by  the  placenta?,  which  touch  each  other,  and 
whose  vessels  anastomose,  as  has  already  been  mentioned.  The  vo-scular 
anastomosis  is  not  primary,  however.  It  only  occurs  after  the  allantoic 
vesicles  of  the  embryos  in  the  double  formation  have  touched  each  other.  For 
this  reason,  the  vtiscular  ramification  of  both  placenta*,  a  and  h,  appears 
separately    in    Scheme    L,    Fig.    106,   but    a   connection    between   them    is 
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Pio.  104.— Double  montter  In  the  chick  (o.ftor  DtTwt*'). 


Fi<i.  105.— Double  fumiition  Ln 
the  cUIcIl  witli  one  heart  (tfter 
Diurwte). 


invariably  formed  later.  If  the  force  of  one  heart  exceeds  the  other,  there- 
fore, its  more  powerful  blood-stream  usurjjs  a  portion  of  the  placenta  of  the 
other  twin  also  (Fig.  106,  Scheme  IL)  The  condition  which  results  in 
hydramnws  is  thus  brought  about.  Because  of  the  unusual  extent  of  the 
placental  area,  the  heart  of  the  stronger  fcetus  undergoes  further  enlai-gement 
and  the  renal  secretion  is  thus  augmented,  causing  an  increase  in  the  quantity 
of  the  liquor  amnii  of  the  stronger  ffetus.  A  time  comes  subsequently  when 
the  increasingly  hypertrophied  licart  of  the  stronger  fcetus  becomes  in- 
competent The  result  is  congestion  of  the  venous  system,  increased  transuda- 
tion into  the  amnion,  and  thus  hydramnios  of  the  better -developed  ovum. 
The  other  ovum  is  rctiU'ded  in  its  development,  and,  as  a  rule,  an  abnormally 
small  amount  of  fluid  is  formed  in  its  amnion.  It  is  worthy  of  note,  howevei*, 
that  the  increase  of  fluid  in  the  ouo  amnion  more  than  makes  up  for  the  lessened 
production  in  the  other,  so  that  thu  toUil  result  causes  a  considerable  increase 
in  the  volume  of  the  uterus. 

These  are  the  essential  features  of  Kiistner's  theory  of  hydramnios.     The 
author  has,   however,   clearly  pointed   out  that  the   causes  of  the   unequal 


-Mfa^ 


l«4 


DOUBLE  AtONSTERS 


tusQca  nndergo  an  erideDtlv  pjia^ivc  form  of  simple,  cbemica],  and  histological 
deeompontion,  associated  with  rlehydratioo, and  accompliahed  withoat  the  inter- 
rention  of  microbes.  Tfag  /«y/ii»  ^jyamu  is  fonned.  In  well  marked  casea, 
•i  leMt,  the  fcetiu  does  acttuJly  hare  the  eonsisteRce  of  a  piece  of  thick 
psrchment,  and  may  easily  be  overlooked  between  the  foetal  membranes.  It 
is  more  or  less  perfectly  flattened,  and  is  generally  covered  l\v  a  thin  layer 
of  dflsqaamated  fatty  epithelinm. 

Should  the  death  of  the  weaker  twin  orcur  in  (he  later  stages  of  pregnancy, 
however,  it  generally  undergoes  a  peculiar  form  of  maceration  which  also  occtirs 
withooi  the  partkipfttioD  of  microbes.  The  resiUt  of  this  maceration  appears  as 
the  /etef  tam/gmmdndns.  This  is  reddish  or  brownish-red  in  colour,  and  the 
epidermis  ts  raised  into  vesicles  by  a  yellowish  fT  reddish  fluid.  The  epidenntf 
may  be  stripped  off  in  long  shreds  without  difficulty.  In  the  seroos  cavitSeSi 
also,  a  hu^ge  qnaotity  of  a  more  or  lees  red  fluid  b  found.     All  the  ttaiiic*  are 
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extremely  soft  and  saturated  with  a  red  fluid.  The  subcutAneous  cellular 
tiflsae,  especially  the  scalp,  is  not  infrequently  cedematous. 

In  rare  cases  the  dead  fcetua  may  undergo  a  irue  intra-vtfrine  pyfrtfoftion,  ii 
pntrefactive  germs  by  any  means  gain  access  to  it  through  the  os  uteri. 

It  is,  of  course,  understood  that  other  causes  may  bring  about  the  death  of 
the  fo*tua ;  haemorrhages  into  the  placenta,  for  instance,  very  ejrtensivo  torsion 
of  the  umbilical  cord,  etc.  The  jM^si-mi/rt^nn  changes  mentioned  also  take  place 
in  twins  and  triplets  from  more  than  one  oviun,  should  one  or  more  of  them 
die  from  any  cau^e.  It  is  of  special  interest  in  this  connection,  however,  that 
the  circulatory  dif>turl>unces  mentioned  can  cause  such  a  result,  since  such  facts 
supply  the  clue  to  the  meaning  of  a  peculiar  double  monster,  the  fatits  acaniiacus 
or  acardiac  monster,  It  may  happen  in  the  formation  of  iynns  from  one  ovtun 
that  the  heart  of  the  stronger  twin  not  only  takes  possession  of  the  placenta  of 
the  weaker,  but  also  includes  a  varying  proportion  of  the  body  in  its  circula- 
tion (Fig.  IOC,  Scheme  IV.)  In  such  a  case,  a  part  of  the  second  foetus,  often 
very  shapelesB,  the  acar<lincus,  is  appended  by  means  of  an  umbilical  cord  of 
varying  length  to  the  enlarged  placenta  of  the  stronger  fatua.  It  may  be 
completely  deprived  of  a  heait  of  its  own,  as  in  the  scheme  given,  or  mere 
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the  indication  of  a  head,  aed  the  [mre  acurinus,  described  by  Barkow,  and 
reproduced  here  in  Fig,  108,  there  are  many  transitional  forms. 

Amrdmus  acrjihalus  (Fig.  109).  In  this  very  common  variety  the  head 
is  absent ;  but  there  is  a  relatively  well- developed  trunk,  and  sometimes  also 
a  rudimentary  heart.  The  al)dominal  viscera,  genital  organs,  and  lower  ex- 
tremities are  often  compaj-atively  well  developed. 

Acanluicus  aiiceps  (Fig.  110),  lastly,  presents  the  transition  to  well-developed 
twins  from  on©  ovum.  The  extremities  are  always  imperfect,  however,  and  the 
heart  is  ijivariably  only  rudimentary. 

Aatrdi(wm  epitpwihu^  liber  forms  a  special  variety  (if  we  can  suppo,se  this 
variety  to  be  a  true  acardiacus),  in  which  the  umbilical  cord  is  attached  to  the 
base  of  the  skull  or  upper  jaw  of  the  other  twin.  It  Avill  he  more  fully 
explained  further  on,  in  connection  with  the  other  epignathi. 

Literature 

HVBTL — Die  Blutgefjisse  der  menschi  Nachgeburt.     Wien,  1870, 

ScHATZ — Arch.  f.  Hyniicologie,  vol.  xix. 

KiJSTJi ER—  Die  Pathologie  des  Fotus.    Stuttgart,  1 888.    Aus  dem  Handbuche  der  Geburt«hiilfe, 

voL  ii. 
CtiArDira — Die  Entwickelmig  der  herzloscn  Missgeburteu.     Kiel,  1859, 
TiiOMA — Uuterauchungen   iiber   die    Histogeuese    und    Histoiuechanik    des    Gefiufisy stems. 

Stuttgart,  1S93. 
Dares rE—Rocherchea  snr  la  prodaction  artilicielle  dea  monstruoait^B.     Paris,  1877. 
Ahi-Felu— Dit:  Miasbildungcn  des  Menseben,  mit  Atlas.     Leipdc,  1880. 
Bakkow — Ueber  Psfludaconjiua.     Brcslau,  185-4. 
Eg RMANK— Description  de  deux  Foetus  monstre^.     Strassbarg»  1852. 


(b)  Bodies  of  tJie  Twins  united  ;  the  whde  of  the  Axial  Structures  duplicated 

(ii,  (i)  Equally  developed  mridies. — In  the  double  monBters  which  have  been 
as  3^et  considered,  we  had  to  deal  with  homologous  twins  whose  appendages 
were  fused  to  a  greater  or  less  extent.  The  highest  degree  of  fusion  was 
represented  by  the  occurrence  of  a  common  umbilical  cord  which  only  bifur- 
cated just  before  it  reached  the  bodies  of  the  twins.  Should  the  fusion  extend 
further,  union  of  the  fcetal  bodies  in  the  neighbourhood  of  the  umbilicus  and 
in  the  thoracic  region  results  (thoracopagus).  Union  in  the  pelvic  region  is 
also  observed,  however  (ischiopagus),  and  union  in  the  neighbourhood  of  the 
head  (craniopagus). 

(a)  Thorticopaijus  (omphalopagus).  To  this  variety  belong  the  well-known 
Siamese  twins.  The  two  brothers  Chang  and  Eng  (Fig.  Ill)  were  united  in 
the  umbilical  region  by  a  fleshy  mass  covered  with  sltin  and  showing  the  scar 
of  the  cord.  In  thu  sectio  this  mass  was  found  to  contain  the  two  ensiform 
proces.scs  of  the  sterna,  united  by  a  cartilaginous  bridge,  two  separate  processes 
of  the  peritoneal  layers,  a  blood-vessel  passing  Iretween  the  two  livers,  two 
arteries,  branches  of  the  hypogastric,  and  remains  of  the  urachus.  The  brothers 
attained  the  age  of  sixty-three  and  died  within  two  hours  of  each  other,  after 
the  one  had  suffered  severely  from  .in  acute  pulmonary  affection. 

The  form  of  thoracopagus  represented  here  is  more  accurately  termed 
xiplwpagus.  In  other  similar  cases  parts  of  the  liver  were  also  to  be  found  in 
the  connecting  column.  Usually,  these  malformations  ai*e  the  cause  of  difficulty 
in  jmrturition,  resulting  in  death  of  the  twins. 

In  xiphopagus  the  thoracic  cavities  are  separate ;  in  sternopagus  (Fig.  112) 
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there  are  two  hearts  and  four  lungs  which,  however,  may  be  more  or  leas 
malfomied.  It  is  only  when  the  union  is  very  close  that  one  comTOon  heart 
is  found  instead  of  two.  The  abdominal  cavities  are  nlso  united,  as  a  rule, 
and  the  intestine,  especially  tho  lower  part  of  the  small  intestine  and  the  tirst 
part  of  the  large,  may  bo  common  to  both  twins.  Long-continued  existence 
after  birth  haa  not  as  yet  been  observed. 

In  syrametrical  or  approximately  symmetrical  fusion  the  stemopagic  double 
formation  has  four  upper  and  Four  lowei'  extremities.  If  the  fusion  he  asym- 
metrically placed,  more  to  the  lateral  aspect  of  the  thorax,  two  upper  extremities 
also  fuse,  partly  or  wholly^  ao  that  tho  double  embryo  has  only  three  arms 
{thorncopiKjiUi  trihrachius).  The  Ihtmuu^pujus  iripus  is  formed  in  like  manner  by 
the  fusion  of  two  lower  extremitiee.  Lastly,  the  fusion  may  extend  to  the 
facial  portion  of  the  head,  prosopa-thoracopngtts, 

(ft)  I»chw}mf}m  (Fig.  113).     The  fusion  in  this  case  extends  from  the  um- 
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liiliciiB  down  to  tho  pelvic  region,  while  the  thoracic  regions  remain  separate.  In 
tlupIicaliiHi  of  thu  hpiiial  culunin  and  sacral  bones,  the  two  pelves  are  transformed 
into  a  common  ring,  to  the  centre  of  which  both  sacral  bones  turn  their  anterior 
KUrfttceu.  From  tho  pelvic  ring  two  fmirs  of  lower  extremities  take  origin. 
Tlionix,  head,  and  upper  extremitioss  are  double.  Diu'ation  of  life  after  birth 
iM  viM-y  limiti'd. 

(y)  f'mniofKiijus  (Fig.  1 14).  It  may  be  supposed  that  craniopagus  proceeds 
fnmi  two  rtopariito  gerujinul  layer-s  whose  anterior  ends  touch  each  other.  The 
inaLino  embryo  thou  appears  as  homologous  twins,  united  in  the  cranial  region. 
TImi  funiori  gftieralty  implicates  the  scalp  and  the  cranial  bones  only ;  it  is  very 
lun'ly  thai  ibrro  k  a  connection  between  parts  of  the  brain  of  the  two  embryos. 
Accoidin^  to  tho  situation  of  the  fusion,  craniopagus  frontalis,  paiietalis,  and 
iicoipiUiiM  may  hit  distittgui.shed. 

(/',  fi)  Vtifqunllij  drfthipeti  mrieiies. — As  by  fusion  of  the  placontw  of  other- 
wliM  «eiMirut4(  twins  from  one  ovum  acardiac  monsters  may  be  fonned  by  the 
iirrtwit  of  ilovolupmont  of  ono  twin,  so  in  thoracopagi,  ischiopagi,  and  craniopagi 
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the  same  condition  may  arise.  Tliere  is  this  ilitlereiice,  however,  viz,  tliat  the 
more  feebly  developed;  fretua  forma  &  imi*asitic  structure  on  or  within  the  body 
of  it5  stronger  fellow  and  does  not  immediattdy  separate  at  birth,  as  the 
acardiaci  already  mentioned  do.  The  two  bodies  are  intimately  coimecteil.  The 
parasite,  which  is  sometimes  very  imperfectly  developed,  hm  no  heurt  of  Us  oim^ 
since  this  organ  has  been  de]>rived  of  its  function^  as  in  free  acaniiaci. 

The  iwrmilic  thwa£opa(jus  is  situated  on  the  steruum  or  the  adjacent  regions 
of  the  body  (Fig.  115).  The  modes  of  its  attachment,  it  is  needless  to  say, 
correspond  to  those  of  the  equally  developed  tlmracopagi. 

The  ischvjpiitju.ii  and  rranw/Ku/u^s  jHimsiiicMs  arise  in  an  analogous  manner. 
In  the  latter  case  the  parasite  is  situated  on  the  cranial  surface.  To  these 
varieties  another  may  be  added,  the  c/mfmttkus.  This  is  a  comparatively 
common  condition  which  may  be  explained  by  the  ppesence  of  two  embryonic 
rudiments  in  one  ovum,  which  grow  unequally  and  touch  each  other  in  the 
facial  reidon  of  the  cranium.     The  aca.rdiacus  then  becomes  turned  in  with  the 
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Fr<i.  116. — Eplgnatlma.  In  thn  iiit*«iior  of  tlic 
sac  a  difltiuctly  rccogiibefl  lower  limb  \*-a« 
round,  benideii  liidtcAtioiiit  uf  niditiieiitKry 
or^DS.    One-fourth  luitural  nizn. 


FiH.  117.— i>JHgeiiitai  saoml  teratouin  of  an  im* 
imttiini  foetus.  On  tlio  upper  niartfin  of  tlie 
tumour  tlic  oxti'mal  grnit»l  org«n«  and  «ii«« 
liiay  be  observed.  On  the  lower  iiiarpn  thw 
akiu  baa  been  cut  away  to  expose  the  tiiraoiir 
aubatancfl.    Twivtinhs  iiatiunl  «ize. 


foregut  of  the  other  twin  and  reaches  the  under  surface  of  the  fore-brain,  just 
at  the  upper  extremity  of  the  foregut,  at  that  region  where  the  hypophysis 
is  afterwards  fonned.  In  tbis  situation  an  acardiacus,  usually  very  rudiment- 
ary, ia  developed  in  connection  with  the  bones  of  the  base  of  the  skull, 
especially  the  sella  turcica. 

This  appears  later  as  a  more  or  less  tumour- like  mass  of  tissue,  projecting 
from  the  mouth,  within  which  parts  of  a  body  may  sometimes  he  distinctly 
recognised.  In  many  cases  it  also  passes  into  the  cranial  cavity.  Such 
structures  have  also  been  fouud  attached  to  other  situations,  such  as  the  cavity 
of  the  mouth  or  the  orbit.  It  may  hajjpen,  further,  that  the  fusion  was  produced 
by  adhesion  of  the  allantois  of  the  parasite.  An  epignathus  of  this  kind,  from 
which  two  umbilical  cords  [irocetdetl,  has  been  observed.  Attached  to  these 
were  the  rudiments  of  two  fa^tal  1x>die.s.  This  is  the  form  for  which  I  alrea<ly 
proposed  the  name  ttmrdimu:^  qiitfiialJuLs  Ukr. 

Cotuj&hitul  sacral  ieraiomutu  are  tumour-like  masses,  occurring  in  the  vicinity 
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of  the  caudal  extremity  of  a  foetus  as  the  result  of  the  inclusion  of  an  acardiac 
embryonic  rudiment.  In  the  coccygeal  region  a  funnel-shaped  invagination  of 
the  skin  is  formed,  similar  to  that  in  the  oral  region,  and  within  it  an  inclusion 
of  a  rudimentary  foetus  takes  place,  which  afterwards  becomes  surrounded  by 
the  soft  parts  and  becomes  atta<Jhed  to  the  coccyx,  directly  or  by  means  of 
connective  tissue.  The  anus  and  external  genital  organs  of  the  fcetus  are 
usually  displaced  forwards.  The  parasitic  structure  sometimes  contains 
distinctly  developed  fwtal  organs ;  more  frequently  it  appears  as  an  irregularly 
shaped  majss,  made  up  of  various  tissues,  enclosing  one  or  more  cystic  cavities, 
filled  \vith  fluid  and  sometimes  lined  by  epithelium. 

Fidal  inchisions. — Both  epignathus  and  congenital  sacral  teratoma  may  be 
termed  foetal  inclusions,  inasmuch  as  they  become  surrounded  by  the  tissues 
of  the  bearer.  This  term  is  chiefly  used,  however,  when  the  acardiacus  is 
situated  more  deeply  within  the  body  of  its  bearer.  The  relatively  late  period 
at  which  the  intestine  and  the  abtlominal  walls  close  provides  frequent  oppor- 
tunity for  8i4ch  an  occurrence.  They  are  thus  formed  in  the  abdominal  cavity, 
with  whose  walls  they  form  frequent  connections,  or  between  the  layers  of  the 
abdominal  walls  {indn.<io  itbdomifialis).  If  they  reach  the  neighbourhood  of 
the  Wolffian  bodies,  they  are  sometimes  found  encapauled  by  the  tissue  of  the 
testicle  or  ovary  (mclu.<io  testiatli^  omrii).  When  the  testicle  descends  they 
sometimes  pass  into  the  scrotum  (inclusio  tscrotalis  lieamdana).  In  the  same 
manner,  inclusions  in  the  cranial  cavity  and  brain  are  found,  associated  with 
epignathous  formations  {indusut  a-fehi<ilis).  In  other  positions,  also,  such  as  the 
lungs  and  mediastinum,  large  and  small  tumours  have  been  found,  made  up  of 
various  tissues  which  may  be  regarded  as  icsiaii  inclusions  {inchi^o  mfdwiitindlui). 
This  view  is  not  free  from  objection,  however,  since  the  tumours  which  have 
been  found  did  not  exhibit  the  complicated  structure  which  so  often  occurs 
in  inclusions  in  the  abdominal  cavity.  As  the  pleural  and  peritoneal  cavities 
arc  connected  originally,  however,  it  is  quite  possible  that  many  thoracic 
tumours,  especially  those  of  the  mediastinum,  are  really  of  the  nature  of  foetal 
inclusions. 
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2.  Dttplidtas  AzialiB  Anterior 

Partial  duplication  of  the  axial  structure  may  begin  either  at  the  head  or 
at  the  coccy.x.  The  first  variety,  duplicitas  axialis  anterior  {temia  vutoduJijinn), 
is  observed  four  times  as  often  as  the  duplication  beginning  at  the  coccyx 
(duplicitas  axialis  posterior),  {trmta  unaduhjmtf). 

Tiio  duplication  is  sometimes  limited  to  a  very  small  part  of  the  body ; 
in  other  cases  it  is  more  extensive.  It  may  even  happen  that  the  duphcation 
involves  the  whole  length  of  the  spinal  column.  Those  cases  in  which  the 
median  portion  of  the  axis  of  the  body  is  single,  while  both  the  cranial  and 
coccygeal  extremities  are  double,  form  a  separate  class  {terata  aimcaiadidpim). 
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The  smallest  degree  of  anterior  duplication  is  seen  in  diiplirittts  htjpophysis 
cerebri,  inasmuch  aa  the  two  lobes  of  the  hj-pophysis  are  developed  from  the 
anterior  end  of  the  spinal  cord  and  tlje  tevminati<«n  of  the 
foregut,  and,  in  this  sense,  are  terminal  structures  (Ahlfold). 
More  extensive  duplication  in  the  region  of  the  cerebrum 
leads  to  a  duplication  of  a  large  or  small  portion  of  the  face, 
diprosopm.  In  this  class  there  may  be  dillerentiated,  according 
to  degree,  diprosopus  distomus,  diprosopus  diophthalmus, 
triophthahiins,  tetrophthalmiis,  and,  further,  diprosopus  diotns, 
triotus,  tetrotus.  Marked  dilatation  of  the  cerebral  ventricles, 
associated  with  considerable  increase  of  the  cerebro-spinal 
fluid,  sometimes  occurs  at  the  same  time.  If  the  cerebral 
vesicles  and  their  coverings  are  ruptured,  as  a  result  of  the 
accumulation  of  fluid,  the  hemicephahis  duplex  is  formed. 
This  last  malformation  may  arise  more  frerjuently  as  the  result  of  arrest  of  the 
closure  of  the  duplicated  anterior  portion  of  the  medullary  groove.     Dkcphali 


Fio.  118.-.Duplid« 
tn««iiiaU«  anterior 
in  thn  porch  (after 
V.  B-ir), 


Ifi 


\v 


Fiii.  UU.— Dlc^phalas  dlbraehiiui.    Four-lUllui 
iiatiirsl  tflie. 


Pio.  12O1.— PygotMigoa.    CHseofWertber 
(After  Ahlfeia). 


are  then  formed  with  two  separate  heads.  If,  in  a  high  degree  of  diprosopus, 
the  spinal  column  is  also  double,  this  duplication  of  the  axial  structures  may 
extend  ver}'  far  downwards  in  dicephali.  Further  .reparation  of  the  diipHcated 
embryonic  thorax  is  associated  with  duplication  of  the  thoracic  viscera,  csjieci- 
ally  the  heart  The  diiiilication  of  the  upper  extremities  then  begins  with  the 
dicephalus  iribnrchius  and  attains  complete  development  in  the  ihcephidufi  tetra- 
brarhitis.  Lastly,  the  very  rare  pt/goixiffu^  completes  the  rising  scale  of  the 
abnormality.  This  appears  in  the  form  of  twins  joined  together  in  the  region 
of  the  sacrum  and  coccyx.  Further  duplication  would  bring  us  back  to  the 
class  of  homologous  twins  from  one  ovum. 

In  duplicitas  anterior  also,  the  supernumerary  portions  may  remain  mdi- 
mcntary  and  assume  the  character  of  parasifk  fjrmcfh.  In  nearly  all  cases 
these  cont4iin  a  few  perfectly  devtdoped  and  easily  recognised  fcetal  members. 
They  are  always  an-anged  round  a  rudiment  which  may  be  recognised  as  a 
spinal  column  and  is  in  articulated  connection  with  the  spinal  column  of  the 
more  strongly  developetl  ftetiis.     The  pai'asite,  in  this  case  also,  has  no  heart, 
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however,  or  one  of  the  raost  rudimeutary  structure.  It  may  be  that  a  struggle 
between  two  rudimentary  hearts  has  occurred  here,  and  that  the  unfavourable 
result  for  the  one  has  been  the  means  of  directly  producing  the  parasite. 

5,  Zhiplicit«3  Ajdalls  Posterior 

The  slightest  degree  of  duplication  originating  at  the  coccygeal  extremity 
is  the  duplicutiou  of  the  external  genitak  and  arms,  which  is  combined  with 
duplication  of  the  internal  genital  organs,  the  bladder,  the  large  intestine,  and 
the  most  inferior  part  of  the  vertebral  column.  In  other  case*,  the  division 
of  the  vertebral  column  extends  further  up  {>li^i/gus),  and  there  may  be  dupli- 
cation of  the  lower  extremities,  the  trunk,  and  even  of  the  upjjer  extremities, 
60  that  only  the  head  is  single.  Lastly,  the  head  also  may  be  partially  doubled, 
so  that  it  forms  a  Janus  hetul  {Janiaps^  Jamis),  In  these  cases  the  four  halves, 
in  which  the  faces  of  two  ftetuses  may  be  supposed  to  be  misplaced,  are  applied 
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Kuj.  li!I.— JjuiiliciUs  inMl^rior  111  A  chic! 


Dillon,  \V1. 


-VJuiu  laiftnim-  ami  tT»n»il* 


to  one  another  in  such  a  way  that  the  left  half  of  the  face  of  the  first  and  the 
right  half  of  the  second  face  fonn  one  face  directed  laterally  on  the  single 
mass  which  couslitutt-s  the  doubled  head.  At  the  same  time,  a  second  face 
is  found  on  the  opposite  side  of  the  duuble  skull,  made  up  of  the  right  half  of 
the  face  of  the  first  foitus  and  the  left  half  of  the  face  of  the  second.  A 
glance  at  Fig.  122  will  explain  this  condition  immediately,  if  a  second  face 
is  imagined  on  the  opposite  side  of  the  head  of  this  monster.  Completely 
symmetric^il  formation  of  both  faces  of  the  Janus  is  always  rare.  The  faces  of 
the  Janus  are  usually  asymmetrical  {Jann^  (isifmmftrku^'i),  (Fig.  123).  In  this 
preparation  the  posterior  face  which  is  turned  toward  the  spectator  is  vi^ry 
incomplete. 

In  a  further  variety  of  Janus,  the  two  heads  are  united  in  the  occipital 
region  and  the  facial  parts  are  well  developed  (Fig.  124).  rarasUic  ttaudioe 
mndUs  of  (fupUcUas  pashrior  are  comimratively  common.  Very  numerous 
obsorvalifius  have  been  made,  espociall}'  with  regard  to  the  dipygus  parasiticus 
(Fig,   125).     In    this  case,  an  appendage,  consisting  of  the   trunk  Mid  lower 
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body  of  its  bearer,  so  that  only  one  or  several  of  the  limbs  of  the  parasite  are 
visible  externally,  there  is  an  excessive  number  of  lower  extremities.  When 
dissected  this  is  distinctly  seen  to  be  a  case  of  pyopagous 
parasitism,  since  the  trunk  of  the  parasite  can  be  demon- 
strated, although  it  is  greatly  misshapen. 

4.  TripUdtas  Azialis 

Triple  malformations  may  also  arise  in  the  same 
way  as  double  malformations,  and  find  their  analogues 
in  well-developed  triplets  from  one  ovum.  Thus,  in  a 
common  chorion,  a  double  malformation  may  lie  beside 
a  normal  embryo.  Partial  duplication  of  an  already 
duplicated  malformation  is  more  rare  (Fig.  126). 
Lastly,  it  may  happen  that  of  separate  triplets  from  one 
ovum,  one  or  two  become  transformed  into  acardiaci. 


n.  Single  Malformations  (Monstra  SimpUda) 

^  The  malformations  occurring  in  a  single  foetus  are 

*''°'^L"LTaSva'^)J''^  ^lled  single  monsters.  They  were  first  arranged  in 
four  groups  by  Blumenbach— /o^rtca  aliena,  situs  muiatuSy 
defectus,  and  excessvs.  Although,  as  a  rule,  the  situs  mutatus  is  regarded  as  a  sub- 
division of  the  fabrica  aliena,  Blumenbach's  classification  is  still  of  some  value, 
since  it  gives  us  a  general  idea  of  the  character  of  the  various  disturbances 
which  may  be  observed  in  one  single  individual  during  the  foetal  period. 

The  monsters  by  excess,  monstra  per  excessum,  comprehend  those  single  mal- 
formations which  are  distinguished  by  redundancy  in  size  or  number  of  the 
organs  or  portions  of  organs,  or  by  an  abnormal  increase  in  the  size  of  the  whole 
foetus.  Among  those  may  be  included  giant-growth  (giantism),  partial  giant- 
growth  of  separate  parts  of  the  body,  the  presence  of  supernumerary  fingers, 
toes,  vertebrae,  ribs,  and  other  parts  of  the  skeleton ;  further,  the  duplication 
of  internal  organs  and  portions  of  organs,  the  development  of  accessory  spleens, 
pancreas,  or  accessory  suprarenal  capsules,  duplication  of  parts  of  the  spinal 
cord  and  medulla  oblongata,  and  a  great  number  of  other  analogous  dis- 
turbances. Among  the  monsters  by  defect,  monstra  per  defectum,  are  included 
abnormal  smallness  of  the  whole  body,  dwarf -growth  (dwarfism),  abnormal 
smallness  of  individual  organs  or  portions  of  organs  (hypoplasia),  absence  of 
organs  and  portions  of  organs  (aplasia  and  agenesia),  and,  lastly,  a  series  of 
disturbances  which  have  been  termed  arrest  of  development.  These  may  be 
referred  to  cessation  of  the  growth  of  organs  at  an  early  stage  of  their 
development,  or  to  an  interierence  with  the  closing  of  some  of  the  invaginations 
of  the  germinal  layers  which  are  completed  in  the  embryo,  e.g.  the  medullary 
groove,  the  intestinal  groove,  or  the  facial  and  branchial  clefts. 

Monstra  per  fabricam  alienam,  false  malformations,  may,  as  a  rule,  be  very 
simply  defined  as  the  malformations  which  cannot  be  referred  either  to  exces- 
sive or  deficient  development,  and  which,  therefore,  cannot  be  included  in  the 
foregoing  classes  of  excessus  and  defectus.  Abnormalities  in  the  distribution 
of  arteries  and  veins,  especially,  are  included  in  this  class,  many  malformations 
of  the  heart,  unusual  divisions  of  the  trachea,  anomalies  of  the  teeth,  and  the 
biliary  passages.  Hermaphrodism,  the  malformation  of  the  original  bi- sexual 
rudiment  of  the  genital  tract,  in  which  the  bi-sexual  character  is  more  or  less 
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preserved  after  conclusion  of  the  f«etal  porioil,  belongs  to  this  class.  Tiiese 
are  all  anomaim  of  form.  With  them  are  aasuciafced  the  ammali€s  of  jtosUian 
rising  from  malformation,  especially  the  situs  inverms^  or  the  transposition  of 
the  entire  viscera  of  the  thorax  and  ahdomen  in  such  a  way  that  the  liver 
is  found  on  the  left  side  of  the  body  and  the  spleen  and  heart  on  the  right. 

As  a  rule,  double  malformations  wore  included  under  the  head  of  excessus, 
so  that  the  division  of  the  material  into  three  classes — excessus^  defectus,  and 
fabrica  ah'oiia — applied  not  only  to  single  monsters,  but  to  all  malformations. 

It  was  the  very  laudable  desire  to  explain  the  compHc;ited  varieties  of 
malformationa  by  a  logical  rearrangement  of  the  material  for  obsen'ation 
which  gave  rise  to  such  classifications  of  the  malformations.  The  explanation 
of  the  cause  thus  seemed  within  reach.  It  was  supposed  to  be  excessive  or 
deficient  energy  of  the  formative  power  which  occasioned  the  excessus  or 
defectus,  and  a  qualitative  variation  in  the  formative  power  which  occasioned 
the  fabrica  aliena.  Nowadays,  such  words  convey  no  explanation  of  the  cause. 
As  can  be  understood,  our  more  complete  knowledge  of  the  history  of  develop- 
ment has  done  much  more  than  these  logical  deductions  to  increase  scientific 
comprehension  of  this  department  of  pathologj^  We  are  now  trying  to  find 
out  the  physical  processes  of  development,  and  thus  to  discover  a  mechanical 
reason  for  the  malforuiatians.  Subsequently,  we  may  perhaps,  also,  learn  the 
chemical  side  of  the  problem. 

Tlie  old  division  into  excessus,  defectus,  and  fabrica  aliena  is  no  longer 
consistent  with  these  ^iews.  Although,  formerly,  it  was  the  custom  to  disregard 
the  difficulties  which  arose  when  the  descriptions  of  various  malformations  of 
one  and  the  same  organ  were  scattered  widely  through  the  three  chief  groups, 
it  seems  much  more  suitable  at  present  to  arrange  the  material  in  as  connected 
a  manner  as  possible.  We  bring  the  facts  into  closer  connection  with  the 
information  acquired  from  the  history  of  normal  development,  if  we  classify  the 
double  malformations  seinirately,  and  divide  the  single  malformations  into  general 
disturbances  of  foetal  developmcutj  disturbances  of  the  closure  of  the  anterior 
and  posterior  middle  lines  of  the  body,  malformations  of  the  extremities,  and 
tlisturbances  in  the  formation  of  individual  organs.  If  the  malformations  of 
the  individual  organs  be  defended  to  the  special  pathological  anatomy,  the  follow- 
ing account  of  the  single  malformations  will  mainly  deal  with  those  disturlmnces 
which  concern  the  external  configuration  of  the  >)ody  anfl  the  earliest  develop- 
mental processes  in  the  embryo  and  its  appendages. 
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1.  Oensral  DiHturbaaceB  of  Foetal  Bevelopmeiit 

(a)  Me^hy  Mole,  JLtmorrhigk  Mo},:,  Hii>h\tid  Mok,  Serandary  DecomposUion 

tf  Dead  FirfUiirs 

Various  circumstances  may  seriously  interfere  with  the  nutrition  of  the 
developing  fcetu.s  and  cause  its  death. 

Should  this  happen  at  a  rm/  curhj  stage  the  dead  f<ntu.s  may  escape  further 
notice  ;  it  may  be  evacuated  from  the  uterus  unobserved,  along  with  the  scanty 


196 


HYDATID  MOLES 


liquor  aranii.  The  membranes  and  placenta  then  become  tranidbnDed  ioto  i 
dry  fleshy  mass  {fi-fshy  fiwlt)  vhich  may  also  be  enveloped  in  a  large 
of  coagulated  blood  {^monlvatjic  mdt).  These  moles  sometunes 
putrefactive  decomposition  while  still  in  the  uterus.  The  opinioiii  freqi 
advanced,  that  the  fretus  may  be  reabsorbed  by  the  uterine  walk,  has  not  aa 
yet  been  satisfactorily  proved,  although  many  ascertained  facts  make  meh  an 
occurrence  appear  possible.  In  rare  cases  the  phicenta  is  transfoniied  into 
a  peculiar  structure,  the  hyd4Siid  moU,  nuda  htfdaiUosa^  myzoma  rJiorxL  The  at 
in  those  cases  undergoes  a  very  rapid  increase  in  si^e,  out  of  pmpoitaoii 
the  duration  of  the  pregnancy.  After  repeated  profuse  liremorrhagei!, 
threatening  life,  a  mass  is  extruded,  consisting  of  innumenible  berry-like  fa 
tions.  Virchow,  in  his  great  work  on  the  tumours,  classifie<l  this  as  myxo 
chorii,  as  a  tumour-lilce  new  formation  of  myxomatous  tissue  from  the  sabstasce^ 
of  the  chorionic  \i\\L  As  there  is  another  variety  of  myxomatous  tumoor, 
which  occurs  in  the  placenta,  it  would  seem  more  aiipropriate  to  describe  the 
form  now  under  discussion  as  myxoma  ckorii  ractnujsum.  The  hydatid  mola 
appein  as  an  aggregatioR  of  colourless  or  pale  pink  rounded  bodies^  t 
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Ttrying  in  tixe  from  a  pin-head  to  a  hazel-nut;  it  con^ist^  of 
myjmmrtnmi  tiMtie^  and  is  covered  by  chorionic  epithelium-     These  globules  are 
arranged  ia  shoil  ehains  on  the  elongated,  filamentous,  chorionic  villi  (Fig.  1.7 
Here  and  thefe  Bflmbraoous  remains  of  the  chorion  are  found  in  conneciiun 
with  tliese  viDi 

In  weU- marked  cases  of  hydatid  mole  there  is  no  trace  of  a  foetus  or  < 
the  umbilical  eord.     A  Dumber  of  cases  have  been  described,  however,  in  whic 
only  a  portion  of  the  placenta  was  involved  in  the  myxomatous  growth,  and 
in  these  oases,  embr^'os  which  had  become  stationary  at  a  more  or  less  sdvan 
sia^  of  devekipment  were  also  found.     In  a  few  cases  (Martin)  the  foetus 
evflis  bom  alive. 

Virchow  was  perfectly  correct,  therefore,  when  he  pomted  out  that  the 
death  of  the  fosUis  could  not  be  regarded  as  the  only  cause  of  a  hydatid  molAiJ 
The  hydatid  mxAe  is  a  disease  of  the  placenta  which,  in  some  of  the  cases  air 
least,  preoadM  the  death  of  the  fi^tus.  The  cause  of  the  disease  is,  therefore, 
to  be  looked  for  in  an  abnormal  condition  of  the  maternal  blood.  In  a  few  of 
the  recorded  cases,  it  was  pointed  out  that  the  mother  was  in  bad  health, 
affected  with  renal  disease  or  disease  of  some  other  organ.  In  a  case  observe 
by  MoUtor,  the  nok  occurred  in  a  girl  of  nine  years  who  had  been  violated. 
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lb  can  hardly  be  doubted,  however,  that,  after  premature  death  of  the 
foetus,  the  hj<hitid  mole  may  contitiue  to  grow  and  enlarge.  The  question  is 
thus  broached,  whether  it  is  not  possible  that,  in  certain  cases,  the  formation 
of  the  mole  follows  the  death  and  extrusion  of  the  ftetus.  After  abortion, 
large  blood  coagula  not  infrequently  form  in  the  uterus  on  the  placental  site 
and  enclose  retained  portions  of  the  membranes  (phfteitlal  polt/pi).  In  two  such 
placental  polypi,  Zahn  and  v.  Kalilden  found  proliferation  of  the  ctiorionic  viUi, 
which  extended  far  within  the  uterine  substance  and  proliferated  within  the 
uterine  blood-vessels  {destructive  plaamtal  polf/pus).  In  addition  to  these 
observations,  there  are  the  older  cases  of  Volkmaint,  Jarotzky  and  Waldeyer, 
and  von  Kricger,  who  found  destructive  hydatid  moles  deep  in  tlie  substance 
of  the  uterus,  and  also  an  observation  by  Meyer  and  Klebs  on  a  vesicular  mole 


Fio.  128.— DestrucUvu  ikj>.^:...;  .,,.^,..,  ,...1..  .^i...^.  .>.v...i.  ,..«  wall  ntid  Uio  cavity  of  llie  uteruM. 

After  VolkoMna. 

in  the  uterine  cavity,  which  sent  out  extensive  villous  growths  into  the  substance 
of  the  wall  of  the  uterus. 

There  is  no  definite  proof  whatever  that,  in  these  cases,  the  growth  of  the 
placental  ^illi  only  l)egan  after  the  death  of  the  fcetus.  There  is  much  to  be 
said  for  the  view  that  the  overgrowth  of  separate  portions  of  the  placenta  has 
been  a  cause  of  the  retention  of  ]>arts  of  the  fu^tal  appendages  and  of  the  forma- 
tion of  the  placental  polypi.  The  possibility  that  the  myxomatous  growth  of 
the  placentul  villi  may  begin  after  the  death  of  the  embryo  should  be  enter- 
tained and  further  iiivesLigated. 

Literature  of  Hydatid  Moles 

E.  ViROHOw — Die  krankhaften  Geachwlikte,  vol.  i.    Berlin,  1863. 
v.  VoLKMASN— A^:h.  f.  path.  Anat.,  vol.  xlL 
v.  Jarotzky  nnd  Waltif.ver— Arch.  f.  path.  Anat.,  vol.  xlir. 
KBiEGKn — Beitnige  zur  Gt'burtAliUlCe  und  Gynaekologie,  vol.  L,  1872, 
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Storch — Arch.  f.  path.  Anat.,  voL  bcxii. 

Zailn — Arch.  f.  path.  Anat.,  vol.  xcvi. 

KLEB.S— Allg.  Path.,  1889,  vol.  H. 

V.  Kahldkx— Centralbl.  f.  allg.  Path,  iind  path,  Anat,  vol.  ii.,  1891. 


Older  embryos  which  have  died  in  utero,  are  either  extruded  by  abortion 
or  pass  through  various  changes  in  the  uterus.  They  may  undergo  pidrcf active 
demmpositvm  if  schizomycetes  obtain  an  eutrance  from  the  vagina,  or  they  may 
undergo  decompositions  without  the  presence  of  putrefactive  microbes,  Tlie 
formation  of  the  ftztvs  .-iiiiigmTH/hnliis,  already  minutely  described  under  the 
double  malformations,  is  common.  The  tissues  of  the  embryo  undergo  a 
peculiar  maceration,  with  solution  of  the  pigment  of  the  blood.  In  rare 
cases,  a  fatty  degeneration  of  the  tissues  is  found,  described  by  Buhl  as  lipoid 
transforinaiiim.  Mnmmiflmtmi,  on  the  other  hand,  is  very  common.  The  tissues 
of  the  dead  frttus  shrink  because  of  the  withdrawal  of  their  water,  and  appear 
dry,  gray-red,  or  brown-red.  L"  adcifaitwn  set  in  at  the  same  time,  a  lithojxrdum 
is  formed.  It  is  characteristic  of  this  condition  that  the  calcification  always 
takes  place  on  the  surface  while  the  interior  of  the  foetus  is  simply  mummified. 

(6)  Giantism  and  DwarJUm 

The  phenomena  of  giantism  and  dwarfism  present  features  which  differ 
essentially  from  the  disturbances  which  have  just  been  considered.  Giantism 
(makrosomay  gifinfiim(mivi)  is  comjiaratively  rare  as  a  congenital  malformation  ;  but 
a  number  of  children  have  been  known  to  weigh  7  to  10"7  kg,  and  measure  GO  to 
70  cm,  immediately  after  birth.  This  is  a  very  considerable  size,  when  it  is 
considered  that  the  normal  weight  is  about  3 "2  kg.,  and  the  normal  length 
about  50  cm.,  and  that  deviations  from  these  normals  to  the  amount  of  |--t 
kg.  or  7  cm.  emly  occur,  on  an  average,  about  once  in  1000  observations. 
The  pathological  nature  of  this  excessive  Ixnlily  development  is  frequently 
shown  by  the  fact  that  such  children  attain  pul>erty  in  the  third  to  the  sixth 
year,  and,  at  the  same  time,  grow  unusually  quickly.  After  puberty  the 
growth  is  usually  considerably  slowed.  Such  indiWduals  also  age  rapidly  and 
die  comi>arativeIy  early.  In  other  cases,  it  is  observed  that  children  which 
were  large  when  liorn,  grow  comparatively  slowly  after  birth,  so  that  the 
abnormality  is  compensated  for.  More  frequently  giant-growth  only  sets  in 
after  birth,  in  the  first  or  second  decade  of  life.  These  giants  attain  a  height 
of  200  to  275  cm.  (or,  roughly,  GA  to  1)  feet),  and  the  normal  proportions  of  the 
body  are  fairly  maintained.  The  lower  extremities  often  grow  relatively  too 
long,  60  that  the  proportions  of  the  body  are  not  projierly  maintained.  The 
other  parts  oF  the  body  are  also  found  to  be  markedly  enlarged.  Although 
such  cases  do  not  exactly  come  under  the  foregoing  definition  of  malformation 
as  an  anatomical  change  occurring  in  ftt'kil  life,,  still  it  is  probable  that  the 
cause  of  the  abnormality  was  present  even  in  the  embryo.  Heredity  has  been 
specified  as  an  etiological  factor,  but  only  in  a  few  cases  however. 

Unilateral  giant-growth  is  also  included  in  the  class  of  general  disturbances. 
It  gives  rise  to  more  or  less  remarkable  asymmetry  in  the  two  halves  of  the 
body,  sometimes  observed  at  birth.  I  once  found  this  pathological  condition 
associated  with  malformation  of  the  genital  organs.  In  other  cases,  only  single 
extremities  or  single  members — a  hand,  a  finger,  a  toe — undergo  giant-growth. 
This  often  occurs  during  intra*uterine  life.     Essentially  different  from  giant- 
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growth  18  lipomatosis  or  afliposUas,  an  excessive  ilevelopmenfc  of  one  tissue,  the 
fat,  and  acromegaly  or  pachjacria^  a  great  increase  in  thickness  in  the  skeleton 
and  soft  parts  which  chiefly  affects  the  terminal  members,  the  hands  and  feet 
and  the  under  jaw,  but  may  also  involve  the  spinal  column.  Congenital  acrome- 
galy has  not  yet  been  observed  ;  as  a  rule,  it  develops  between  the  first  and 
fourth  decades.  The  abnormal  growth  in  length,  measuring  from  joint-surface 
to  joint^surface,  which  characteriaes  giantrgrowth  is  absent  in  these  cases  (J. 
Arnold). 

Duurjuiniy  dwarf-growth^  microsomia,  fMnosomia,  has  many  points  of  resem- 
I;»lance  to  giantism.  It  may  happen  that  full-time  children  are  born  with  very 
>5maII  lx)die8,  but  afterwards  make  up  for  the  deficiency  by  rapid  growth.  The 
disturbance  is  much  more  striking  and  of  greater  importance  when  the  arrest 
of  growth  occurs  after  birth.  In  this  case  distinct  dwarf  formation  takes  place, 
even  when  no  deviation  from  normal  was  visible  at  birth.  In  some  cases  the 
dwarfs  are  Avell-proportioned  throughout,  ajiart  from  the  abnormal  smallness. 
tSr»metimes  the  head  is  relatively  large.  The  genital  organs  are  also  usually 
small  and  undeveloped,  so  that  the  power  of  procreation  and  propagation  is 
only  slight.  Dwarf  formation  is  not,  as  a  ni\e,  hereditary,  Vmt  is  an  individual 
affection. 


In  adnlta  the  normal  length  of  the  body  averages  169  cm.  a]>proximately  in  roan,  and  163 
cm.  in  woiimn  ;  tlie  nonnal  botly  weight  60  kg.  in  man,  iin<l  56  kg.  in  wornau.  If,  in  aoconlaiice 
with  the  calculations  already  maJe,  the  deviation  from  the  nonnal,  whinh  b  attained  but  not 
exceeded  in  one  half  of  the  cases  in  a  long  avries  of  obtiervations  made  on  healthy  individuals, 
may  be  described  as  the  probable  value,  W,  of  the  deviation,  the  law  holds  good,  si)eaking 
generally,  that  the  fifth  multiple  of  this  value,  W,  will  only  b©  exceeded  once,  at  moat,  in  every 
thousand  observations.  We  may,  therefore,  safely  say  that  five  tirnes  this  value  of  the 
deviation,  W,  is  the  limit  of  giant  and  dwarf  formation. 

The  probable  value  of  the  individual  deviations  iu  length  of  the  body  is  found  from  a 
seriea  of  observations  to  be  approximately  3  8  cm.  iu  men  and  women,  and  the  value,  W,  of 
the  body  weight  approximately  5  kg.  The  lifth  multiple  of  this  value,  W,  would  then  b«  19 
cm.  and  25  kg.  An  adult  male  woold  therefore  be  regarded  as  a  giant  if  his  height  were 
found  to  exceed  lG9-f-19  =  188  cm.,  and  the  body  weight  was  greater  than  60-(-25  =  Si>  kg. 
The  normal  limit  in  the  upper  well-nourished  dosses  is,  however,  considerably  higher  than 
that  given  above— namely,  175  cm.  in  height  and  06  kg.  in  weight,  so  that  for  our  puqwse  the 
limit  must  he  placed  somewhat  higher,  at  175-1-19=194  cm.  This  accords  well  with  the 
wxireme  limit  200  cm.  mentioned  ab-ovo,  which  was  arrived  at  by  means,  of  averages.  The 
weif,'ht  of  the  body,  however,  is  comiwiratively  difficult  to  estimate,  on  account  of  the  excessive 
aniount  of  fat  ou  the  body  (lipomatosis)  which  is  fi-e^uently  present,  and  is  to  be  clearly  dis- 
tinguished from  giant-growth.  If  this  and  other  similar  factors  arc  excluded,  and  if  the  better 
nourished  chisses  be  consideru>d,  the  limit  for  giant-growth  will  be  foond  to  be  66-1-25  =  91  kg., 
and  this  may  be  accepted  in  general  as  correct. 

For  dwarf-growth  in  adults  the  limits  163-19=144  em.  in  length  and  56-25  =  31  kg.  in 
weight  may  be  accepted — a  result  that  also  agrees  with  previous  values  obtained  from  averages. 
In  this  case,  also,  we  must  axchidc  diminution  of  the  body  weight,  brought  about  by  various 
aci^uired  diseases,  and  the  loss  of  height,  caused  by  various  juithological  curvatures  of  the 
spinal  cord  and  lower  limbs. 

Corresponding  calculations  for  the  determination  of  giant  and  dwarf  growth  in  mature 
uewlyborn  infanta  have  already  been  mentioneil.  -Indging  from  the  same  standpoint,  we  may 
ttS5^ume  giant-growth  in  mature  newly- bom  children,  when  the  length  of  the  body  exceeds 
f.0-h7  =  57  cm,  and  its  weight  3*2  + 1*4  =  4*6  kg.  The  htghf«t  limit  for  dwarf-growth  in 
ujature  newly-bom  children  would  then  l>o  60-7  =  43  cm.  and  3*2-1  "4  =  1*8  kg.,  because 
the  probable  extent  of  the  deviations  in  the  newly-born  is  approximately  1'4  cm.  and  0*28 
kg.,  and  the  normal  is  50  cm<  and  3*2  kg.  As  regards  other  ages,  the  tables  of  \x)dy  height 
and  weight  collected  in  ray  publication,  which  is  mentioned  below,  may  be  consulted. 
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Thoma — Untersuchungeu  tiber  die  Grlisse  und  <iaa  Gowieht  der  anatomisclien  Bestandtlicile  des 
menschlichen  Kurpers  im  gesunden  und  im  kranken  Zustaudc,  Leipzig,  1882.  Very 
fiill  references  to  tite  literature. 


(f)  Transpositio  riscentm 

By  the  term  transi}Ositw  or  situs  inms^is  t^hcervm,  a  malformation  is  described 
which  appears  in  the  form  of  a  kteral  change  in  position  of  the  thoracic  and 
abdominal  \'iscera,  in  such  a  way  that  the  result  exactly  corresponds  to  the 
reflection  in  a  mirror  of  the  Dormal  relative  positions.  The  apex  of  the  heart 
is  directed  to  the  right ;  the  right  lung  has  two,  the  left  lung  three,  lobes;  the 
aorta  descends  on  the  right  side  of  the  vertebral  column  ;  the  fundus  of  the 
stomach  lies  to  the  right,  as  also  does  the  spleen ;  while  the  liver  and  caecum 
occupy  the  left  side,  and  so  on.  This  malformation  does  not  in  any  way  affect 
the  health. 

Situs  inversus  is  found  comparatively  frequently,  l)ut  hy  no  means 
invariably,  in  cases  of  double  monsters,  the  one  individual  showing  the  normal 
and  the  other  the  reversed  position  of  the  viscera.  From  this  fact  it  has  been 
concluded  that  the  position  of  the  embryo  on  the  yolk-sac  bears  some  relation  to 
the  occiu*rence  of  the  malformation.  As  a  matter  of  fact,  shortly  after  the  heart 
appears,  the  embryo  lies  with  its  left  side  on  the  yolk-sac,  and  this  asymmetry, 
which,  in  its  turn,  is  perhaps  dependent  upon  the  asymmetrical  folding  of  the 
originally  symmetrically  placed  heart-tube,  appears  to  determine  the  direction 
of  all  the  JVBymmetry  of  the  organs  which  subsequently  develops.  Trana- 
positio  viscerura,  however,  is  suppnsefl  to  occur  when  the  embryo  lies  upon  its 
right  side  (v.  Biir^  Forster),  a  position  which  is  more  common  in  doulile  monsters. 
The  situs  inversus  occurs,  though  much  less  frequently,  in  single  embryos. 
The  fact  that  the  lateral  transposition  of  the  viscera  is  not  always  complete, 
is  not,  however,  explained  by  these  inferences.  It  is  sometimes  observed  in 
the  abdominal  or  in  tlie  thoracic  organs  only  ;  sometimes  only  single  organs 
are  transposed. 

2.  Imperfect  Uoioa  in  the  Anterior  Middle  Line  of  the  Body 

(a)  FoiTnaiion  of  Fissures  in  the.  Faded  li^gioii 

The  human  face  ia  formed  by  the  union  of  several  processes  of  the  embryonic 
cmniiim  which  grow  forwards  or  ventmliy,  the  unpaired  frontal  process  and 
^e  paired  processes  for  the  upper  and  lower  jaws.  These  processes  sometimes 
fail  to  unite,  frequently  because  of  the  formatioti  uf  amniotic  adhesions. 
The  various  forms  of  fKcial  ckjh  thus  occur.  These  may  be  complete. 
In  place  of  the  face  a  deep  depression  is  found,  bounded  below  by  the 
lower  jaw  and  tongue,  above  and  laterally  by  the  rudimentary  frontal  and 
maxillary  processes.  Fig,  129  represents  such  a  case  which  is,  however, 
complicated  by  the  fact  that  the  amniotic  adhesions  had  caused  fiirther 
deformities.  There  Im  a  hernia  cerel>ri,  and,  in  addition  to  this,  the  left  arm 
and  a  great  jiart  of  the  left  thoracic  ami  aT«lominal  wall  are  abBent,  and  the 
greater  part  of  the  thoracic  and  abdominal  viscera  have  protruded.  A  slighter 
degree  of  this  nudfrunuititiu  is  teimed  oUi'pir  fticial  Ji^si/n,  in  which  the  nose 
has  developed  from  the  frontal  process  and  is  more  or  less  clearly  recognisable. 
As,  however,  the  union  between  the  frontal  process  and  the  sm>erior  maxillary 
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process  remains  incomplete  on  one  or  Ijoth  sides»  a  deep,  obKque  fissure  is  found 
between  the  month  and  the  eye  on  one  or  both  sides,  the  eye  being  situated  in 
the  upper  and  ktemlly  directed  angle. 

The  faknd  Jissmr  of  the  lip,  hxire-lip,  labium  Itpminnm^  and  the  associated 
fissure  of  the  jaw  and  jialate  {ckft  pikte),  are  much  more  frequently  observed. 
The  deformity  in  this  case  is  also  caused  by  imperfect  union  of  the  frontal  and 
maxillary  processes,  but  is  of  mnch  less  extent.  A  fissure  is  found  at  the  side 
of  the  middle  line,  unilateral  or  bi-Iateral,  limited  to  the  upper  lip  (hare-lip)  or 
extending  into  the  bony  part*-.  When  this  deformity  is  complete,  a  bi-Iateral 
fissure  of  the  lips  in  present.  The  alveolar  process  of  the  upper  jaw  has  two 
deep  fissures,  right  and  loft  of  the  premaxillary  bone,,  uniting  in  the  hard  palate 
to  form  a  single  fissure  (cleft  palate).  In  many  families  the  various  degrees  of 
this  malformation  api>ear  to  be  hereditary. 

If  the  premaxillary  process  remains  very  short  and  the  maxillary  processes 
approach  each  other  without  reaching  it  completely,  a  median  Jisaure  of  the  lips 
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Pio.  120.— Cotuplota  facUl  Bssurc-    AbMDOD 
of  the  len,  Uiowcic  w»ll  (iiOer  Forster). 


Fio.  laO.— Double  b*r«>llp  And  cteft  palate.    Half 
tiAtanl  site. 


and  hard  palate  easues.  Fissure  of  ike  cheek,  fissura  huccalis  eongenHa,  is  leas 
common.  This  appears  as  a  considerable  elongation  of  the  mouth,  which  may 
extend  to  the  ears.  A  medwn  deft  in  the  inferior  hHixilfa  is  also  uncommon. 
This  last  condition  arises  when  the  right  and  left  inferior  maxillary  processes 
do  not  succeed  in  uniting.  If  union  has  occurred,  but  is  only  partial,  the 
deformity  is  limited  to  the  formation  of  a  cleft  of  the  tmcer  lip. 

Ahsena:  of  the  lowtr  jnw  {a<jnaikia)  is  of  more  importance.  In  this  case  the 
mouth  is  very  small,  the  ears  are  low  down  and  approach  the  middle  line 
between  the  up[ier  jaw  and  the  cervical  region,  stjuotia  (Fig.  131).  This 
malformation  renders  extra-uterine  life  impossible.  The  communication  of  the 
mouth  and  nose  with  the  cesophagus  and  trachea  may  often  be  absent. 

(b)  Foi'mation  of  Fissures  in  the  Cervical  and  Thoracic  Regions 

T\Tien  the  branchial  clefts  close  incompletely,  narrow  canals  lined  with 
mucous  membrane  are  sometimes  found.  The^e  begin  at  the  inner  margin  of 
the  stemo-clt'ido-mastoid  muscle  and  lead  from  the  external  cutaneous  surface 
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into  the  pharyux  {hiauchinl  jidnla  in  thf  iifcJc).  In  many  cases  this  deformity  has 
been  found  to  be  hereditary  throughout  several  generations,  without  showing  any 
marked  preference  for  one  or  other  sex.  These  fistuUe  are  sometimes  imper- 
fectly formed^  so  that  either  the  internal  or  external  orifice  ia  closed,  or  both 
openings  may  be  closed  and  only  the  median  portion  of  the  canal  remain,  and 
become  greatly  distended  by  secretion  {hranthial  ajah).  These  are  also  found  in 
the  cervical  region,  high  up,  in  the  neighbourhood  of  the  external  ear. 

Connected  with  irregularities  of  the  closing  of  the  branchial  clefts,  ac- 
cording to  Stahl  and  Virchow,  are  those  tumour-like,  sessile,  or  pediculated  tissue 
growths,  situated  in  the  ^dcinity  of  the  external  ear  and  termed  uuncuifir 
tipprndatjei.  They  are  formed  of  elastic  fibro-cartilage  and  fatty  tissue,  and  are 
covered  over  by  skin.  According  to  the  investigations  of  Chiari,  similar 
formations  occur  in  the  most  varying  situations  on  the  anterior  and  posterior 
median  lines  of  the  body.  J.  Arnold  has  also  pointed  out  that  many  hairy 
and  hairless  pharyngeal  polypi  may  be  regarded  as  abnormalities,  occurring  at 
the  union  of  the  extremity  of  the  foregut  with  the  invagination  of  the  mouth. 

Tnu-hml  Jistidt^,  canals  lined  with 
mucous  membrane  leading  from  the 
cutaneous  surface  to  the  trachea,  are 
less  common.  They  are  probably 
connected  with  abnormalities  in  the 
differentiation  of  the  trachea  from  the 
foregut.  Abnormal  communications 
between  the  trachea  and  cesophagus 
should  also  be  included  in  this  class, 
^"^"^        ^Xiyy       /  and  will  be  considered  in  the  special 

part  of  this  work  among  the  mal- 
fnrmations  of  the  trachea  and  oeso- 
phagus. 

Fisiium  :>Urni  (fissure  of  the  ster- 
num).     The    anterior    wall    of    the 
thorax    is  formed   by  union   of   the 
Fio.  iai,-Agniithi«  »ih1  syuotin  {after  Ahifei4i>.         visccral  layers.     If  this  union  is  not 

accomplished,  sternal  fissure  results^ 
very  frequently  associated  with  abdominal  fissure.  The  sternum  is  fissiu-ed  in 
the  middle  line  or  is  absent  entirely,  its  place  being  often  taken  by  firm 
ligaments.  In  extensive  fissure  the  thoracic  viscera  protrude,  the  heart  especi- 
ally (edt/pid  cunlh).  The  protruded  viscera  are  covered  over  by  skin  or  by  a 
fold  of  the  amnion.  Under  certain  circumstances,  the  heart  is  quite  bare  or 
only  covered  by  the  pericardial  sac. 

Ectopia  cordis  is  very  frequently  found  in  acardiaci  (Fig.  109). 
Fissuta  thi/mcis  latemli^  or  hieral  fknrnck  fisoitc — Defects  of  the  lateral 
and  posterior  thoracic  wall  generally  arise  as  the  result  of  amniotic  adhesions. 
They  are  not  common,  and  are  folJowed  by  prolapse  of  the  lungs  and  other 
thoi-acic  viscera.  The  protruded  viscera  are  either  covered  by  a  pouch  of 
amnion,  or  they  lie  free  in  the  amniotic  cavity.  Sometimes  the  defect  in  the 
thoracic  wall  is  small  and  covered  by  skin. 

Henna  {iitqihrmfm'dica  a>nfjaiikt  spnrm  (Jlifsure  of  thr  diapkmgm)  very 
frequently  accompanies  fissure  of  the  sternum,  and  is  therefore  seldom  absent 
in  acardiaci  (Ahlfeld).  It  occurs  also  in  otherwise  weU-formed  newly -[torn 
infants.  In  this  condition  a  deficiency,  often  very  extensive,  is  found  in  the 
tendinous  or  muscular  portion  of  the  diaphragm,  more  commonly  on  the  left  side 
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than  on  the  right,  through  which  the  abdominal  organs  can  pass  into  the 
thoracic  cavitiea.  The  details  of  this  condition  will  also  be  deferred  to  the 
special  part  of  this  work. 


'<H4i*^- 


(c)  Imperfect  Closing  of  the  Jnierior  Ahdomiml  Wall 

In  fissure  of  the  stemmn  and  even  in  fissures  of  the  ensiform  process,  a 
separafi'M  of  this  upper  jmrt  of  the  rectus  mmcle^  of  (he  abdomen  is  fiequently 
found:  superior  fissure  of  Vu  alxlomm  or  hernia  abdominis  S7iperior  (Curschmann). 
Under  the  action  of  ahdominal  pressure  the  parts  of  the  abdominal  walJ, 
situated  in  the  middle  line,  are  pressed 
forward  so  as  to  form  a  longitudinal 
elevation. 

The  malformations  connected 
with  the  closure  of  the  umbilicus 
are  more  numerous.  Sometimes  the 
urachus  remains  permeable  till  \nthin 
the  umbilical  cord,  so  that  when  the 
cord  separates  a  fistulous  opening 
remains,  through  which  urine  is  evacu- 
ated {urachus  pifens).  When  the 
urachus  is  not  completely  obliterated, 
cystic  cavities  remain  within  it  (cysts 
of  the  urarhus). 

The  omphalo-mesenteric  duct  may 
also  remain  persistently  patent.  In 
this  case  a  canal,  lined  with  raucous 
membrane,  passes  from  the  small  in- 
testine (ileum)  to  the  umbilicus,  where 
it  opens  on  the  surface  when  the 
cord  separates.  The  exposed  mucous 
membrane  not  infrequently  prolifer- 
ates actively,  so  that  it  reaches  the 
^aorface  at  the  umbilicus  as  a  tumour, 
iatviTui  umhilicale.  When  involution 
of  this  duct  is  not  complete,  it  be- 
comes transformed  into  a  solid  cord 
leading  from  the  umbilicus  to  a  diver- 
ticulum in  the  intestine.  Or  it  may 
persist  only  as  a  blind  sac-shaped  pro- 
cess of  the  small  intestine  with  a  free  end,  a  true  MccM's  direrficuJnm,  Its  wall 
haa  all  four  intestinal  coats — mucous,  suVmucous,  muscular,  and  serous.  At  the 
apex  of  the  diverticulum,  or  in  the  solid  cord  leading  to  the  umbilicus,  a 
few  portions  of  the  vitelline  duct  may  persist  as  cysts. 

fferfiiafunictLli  umbilicttlis  (h^nm  into  the  uniMlical  co^'d).- — In  mature  newly- 
Ixirn  infanta  a  pouch  of  peritoneum  is  sometimes  found  in  the  firat  part  of  the 
umbilical  cord,  containing  coils  of  intestine  and  sometimes  other  abdominal 
^rgans,  the  liver,  spleen,  or  stomach.  The  peritone<il  iK)uch  is  always  covered 
'  a  thin  layer  of  mucoid  tissue  and  amnion,  so  that  it  appears  very  transparent 
and  allows  the  outlines  of  its  contents  to  be  seen  through  it.  This  w^all 
further  contains  the  umbilical  vessels  and  the  remains  of  the  urachus.  Should 
tlie  peritoneal  pouch  be  small,  it  will  not  infrequently  be  found  to  be  empty. 


Fio,  1S3.— HemU  muieuli  uuibilicaliu.    Hftlf  tutitr&l 
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After  the  wound  in  the  cord  has  healed  the  umbilicus  may  remain  patent,  and, 
in  consequence,  the  viscera  project  into  it,  carrying  in  front  of  them  the  skin  of 
the  abdomen  at  the  umbilicus  (hernia  urnlnliralis).  This  is  thus  distinguished 
from  the  hernia  of  the  umbilical  cord  b)'  its  covering  of  firm,  relatively  resistant 
skin  and  is  much  more  common. 

WTien  the  lateral  plates  of  the  embryo  are  very  imperfectly  developed,  the 
anterior  abdominal  wall  may  be  deficient  over  a  large  area.  Only  a  sac,  formed 
of  amnion  and  peritoneum,  covers  the  prolapsed  abdominal  \'iscera :  complele 
abdominal  Jissure  (JiSiturti  ahdomhiu  comphia).  This  sac  fretpiently  ruptures,  even 
during  pregnancy,  so  that  the  viscera  may  lie  free  in  the  amniotic  caWty.  Id 
other  cases  rupture  takes  place  during  labour. 

Tlie  fissure  of  the  abdominal  walla  ia  sometimes  limited   to  tlieir  inferior 
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part  'I'll!)  iiiediun  portion  of  the  inferior  abdominal  wall  is  formed  only  by  a 
thin  iiHMiibmrui  di'iivi'd  fnuii  the  amnion,  which  ruptures  sooner  or  later  and 
allowM  thn  blniMor  \o  pniliipso  {ectopia  rcsiar).  Rupture  and  fissure  of  the 
ttfjtiirior  vvtdl  nf  j.lie  Mmlder  frequently  coexist,  so  that  the  posterior  wall  of 
the  bluildnr  lion  oxpotioil,  ami  upjwars  as  a  daik-red  surface,  covered  by  mucous 
fimnihrauD,  on  which  the  orifices  of  the  urethr®  are  visible  {inv&rs^u)  ivakce 
Hrimiriir).  'V\w  mine,  which  dribbles  from  the  ureters,  keejjs  the  mucous 
iiiiimbniim  of  t[ir  hiiiddrr  con^t^mtly  moist.  Fig.  133  shows  this  malformation 
in  iin  iidnlt.  'rim  exposed  vesirul  mucous  membrane  is  greatly  proliferated, 
iiviib-ntly,  un  tlio  ronuM  of  tlir  continuLMl  irritation,  and  forms  a  large  caulifiower- 
\\\us  nunour  «ir  pjipitlomit.  Th«  ureters  open  from  behind  into  this  tumour, 
wimh  Im  iii»nt[MMod  o(  rugn>  of  mucous  membrane  covered  -with  epithelium. 

Invinulo  venit'ir  i%  tVtMpieutly  combined  with  fissure  of  the  urethra.     The 
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meJian  junction  of  the  pu'bic  bones  does  not  take  place,  the  sjTnphysis  pubis  is 
absent,  and  the  urethra  forms  a  ahallow  groove  ojten  anteriorly.  Penis  or 
clitoris  is  fissured  from  above  {cjni^padias^  Fig.  133).  The  prepuce  is  imper- 
fectly developed. 

In  many  cases  the  inferior  abdominal  fissure  extends  upwards  as  far  as  the 
umbilicus,  and  may  then  be  associated  with  hernia  of  the  umbilical  cord  ;  or 
the  delicat^3  amniotic  sac,  which  envelops  the  hernife  of  the  umbilical  cord, 
ruptures,  and  the  protruded  portiona  of  the  intestine  slough  off  at  the  level  of 
the  abdominal  wall.  The  free  ends  of  the  intestine  thus  formed,  heal  by  adhesion 
to  the  abdominal  wall  In  such  cases,  an  artificial  anus,  or  several  such,  form  at 
the  margins  of  the  protruding  vesical  raucous  membrane,  since  the  persistent 
omphalomesenteric  duct,  or  a  part  of  the  ileum  or  ciecum  oiwias  freely  on  the 
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Fto.  ISA.— HyiK>.sp&(lliu.    Half  tuituni  size. 


Fin.  134.— Inforlor  alxluiiiiual  n&i\na  witb  mverntu  VMloe 
uid  multiple  iibiiortiuil  anal  opeuiugs  (after  Rossvm). 
/,  Umbilical  cord ;  i/,  protru<liu|j;  ilourii ;  v,  opa&Jng  of 
the  ventiiforui  proems  ;  u,  »,  oiMiiingB  of  the  ureters ; 
en/,  oriflco  of  tlie  euloii ;  omr,  oriflce  of  the  catcam  ;  qI, 
gi,  tlie  two  linlvua  of  the  glaiis  pauls;  cgaU,  corpaa 
gidlinagiiila ;  «-,  k:,  scrotuiu. 

floor  of  the  fissure.  The  normal  anus  m^y  be  absent  {airesia  am).  The  hind 
gut  may  end  blindly  or  open  into  the  bladder,  where,  also,  it  forms  an  abnormal 
anus.  Lastly,  portions  of  the  intestinal  walls  may  prolapse  through  all  these 
intestinal  orifices,  and  form  snout^like  projections  covered  externally  by  raucous 
membrane  (Fig.  134). 

Epispadias  is  sometimes  found  unaccompanied  by  other  malformations. 
The  male  sex  is  much  more  commonly  affected  in  this  way,  superior  fissure  of 
the  clitoris  being  very  rare.  In  the  first  case  the  penis  is  short  and  thu 
urethra  appears  as  a  groove,  lined  by  mucous  membrane,  on  the  dorsum  of  the 
organ.  The  bladder  opens  into  the  upper  end  of  this  groove.  The  prepuce  is 
short  and  forms  a  fold  of  skin  which  is  cleft  above.  The  fissure  of  the  urethra 
is  sometimes  imperfect,  so  that  it  only  involves  the  anterior  portion  of 
the  penis. 
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Ilt/pospidias^  or  fissure  of  the  penis,  about  to  be  described,  is  a  ranch  more 
common  occurrence.  The  urethra  opens  on  the  under  surface  of  the  tiase  of 
the  penis  (Fig.  13.t),  or  on  the  under  surface  of  the  ghins  penis.  In  this  case 
the  penis  may  remain  very  small,  so  that  it  presents  a  certain  resemblance  to 
the  clitoris.  If^  at  the  same  time,  the  orifice  of  the  male  uro-genital  sinus  remain 
wide,  the  sinus  deep,  ami  the  testicles  do  not  descend,  the  scrotum  resembles 
tlie  labia  majora,  and  individuals  with  this  malformation  may  be  regarded  and 
brought  up  as  females,  until  the  sexual  instinct  develops  and  a  more  accurate 
examination  is  made.  It  has  sometimes  been  difficult  to  determine  the  sex 
even  after  such  an  examination.  Hypospadias  appears  to  be  due  to  an  arrest 
of  the  development  of  the  genital  orgiins  at  an  ^arly  stage,  when  the  urogenital 
sinus  opens  below  the  genital  eminence. 

In  still  earlier  stages  of  embryonic  existence  the  intestine,  as  well  as  the 
urinary  and  genital  organs,  open  into  the  allantois.  Should  this  condition 
remain,  we  speak  of  a  persistence  of  the  cloaca,  and  in  this  case  the  normal 
opening  of  the  anus  is  absent  (atresia  ant).  Persistence  of  tbe  cloaca  may  be 
associated  with  fissure  of  tlie  bladder. 

If,  however,  the  anterior  wall  of  the  bladder  be  closed,  the  normal  excretory 
canals  of  the  urinary  and  genital  apparatus  may  be  formed,  while  the  intestine, 
under  certain  circumstances,  instead  of  oi>ening  at  the  normal  situation,  remains 
in  communication  with  the  bladder,  urethra,  or  vulvo-vagina  {anus  vesmilis,  atius 
urdkralii^,  aniis  vtdnH'Ufjimilis).  This  abnormal  opening  of  the  intestine  may  be 
situated  still  further  downwards  in  the  vulva,  scrotum,  or  perineum  {nn»s 
viUvaliSy  snvtnlh,  perim''ilis).  In  anus  vesicalis  the  urethra  is  frequent!}'  found 
closed,  so  that  the  bladder  is  distended  by  ita  abnormal  contents  and  impedes 
tlelivery.  The  mimeroys  remaining  malformations  of  the  genital  organs  will 
be  more  appropriately  dealt  with  in  the  special  parts  of  this  book. 

3.  DisturbauceB  in  the  Closing  of  the  Posterior  Median  Line  of  tlie  Body 
The  central  nervous  system  is  formed  from  a  groove-like  invagination  or 


Fw.  180.— Nonuftl  developtiient  of  the  mcdtillary  tube.     A,  Me«laIUry  groove  open  ;  B,  mednUary  groove  jnut 
about  to  cloisfl ;  C,  meduU&ry  tuba  cloKbd  uid  Uirided  otS. 


fold  in  the  superior  germinal  layer.     When  the  walls  of  this  fold  unite  pos- 
teriorly, the  medullary  groove,  which  was  oi>en  originally,  becomes  the  entirely 
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closed  medullary  tube,  wbich  is  subsequently  divided  off  from  the  superior 
germinal  layer  and  forms  the  rudiment  of  the  brain  and  spinal  cord.  The 
Inmen  of  this  medullary  tube,  therefore,  coiresponds  to  the  central  canal  of  tlie 
spinal  cord  and  the  venliicles  of  the  brain. 

When  the  fusion  of  the  walls  of  the  medullary  groove  is  absent  throughout 
its  entire  length,  Jbsurr  I'f  ilw  sktiil  and  had'  {cntniciarhischiKis  totalis)  results, 
because  the  vertebral  arches  and  the  cutaneous  and  muscular  coverings  of  the 
]>osterior  aspect  of  the  spinal  cord  are  hindered  in  their  development  so  long 
as  the  medullary  groove  remains  open  posteriori}'.  On  the  dorsal  aspect  of 
the  head  and  trunk  of  tfie  frvtus,  in  this  condition,  there  is  a  wide  flattened 
fissure,  in  the  middle  of  which  more  or  less  extensive  traces  of  a  thin  layer 
of   soft,    vascidar    tissue   are   met   with.     Very   often,   however,   the   anterior 


Fig.  137.— CrtiiiorachUchisls.    One-third  iwtnral  siase.    tf,  Builimenlary  ^{tltial  conl,  open  posUrioriy  ; 
h,  the  remninA  of  Ui«  ri>re-bnti:i. 

portions  of  the  brain,  especially  the  optic  vesicles,  are  relatively  well  formed. 
The  nose  and  eyes  are  not  noticeably  misplaced,  although  the  eyes,  mon- 
especially,  project  greatly  from  the  flattened  skidl.  The  spinal  column  and 
the  base  of  the  skull  are  also  abnormally  curved.  The  characteristic  appear- 
ance of  the  face  and  [losition  of  the  body  of  such  embryos  is  given  in  Fig.  138 
on  a  small  scale. 

Similar  appearances  were  found  in  the  cases  in  which  the  patency  of  the 
medullary  groove  was  confined  to  certain  fairly  extensive  areas,  either  to 
the  whole  length  of  the  spinal  cord  and  spina!  column  {mchischisLs  tottdis\  or  to 
the  cervical,  dorsal,  or  lumbar  regions  of  the  spinal  column  {ntf^hi^chisis  partMiSy 
Ct^nncalis,  Jorsali^  or  lumlMtlis).  • 

The  investigations  of  Virchow.  W.  Koch,  v.  Recklinghausen,  and  Chiari 
have    shown    that    the    delicate    red    mass    of   tissue    found    in    the    median 
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portion  of  the  gaping  dorsal  fissure,  consists  of  unusually  vascular  spinal 
cord  and  is  entirely  covered  by  a  single  delicate  layer  of  cylindrical  epi- 
thelium. The  latter  corresponds  to  the  epithelial  lining  of  the  patent  central 
canal  of  the  spinal  cord  and  the  ventricles  of  the  brain,  which  are  also  open 

posteriorly.  At  the  margin  of  the  fis- 
sured rmlimentary  brain  and  sj>inal  cord, 
the  cylindrical  epithelium  is,  originally,  in 
direct  continuation  with  the  squamous  epi- 
thelium of  the  skin.  The  cylindrical  epi- 
thelium, it  is  tnie,  is  often-  missed  in 
t?xamination,  as  its  delicate  nature  renders 
its  preservation  difficult. 

Among  the  patches  of  cylindrical  epi- 
thelium in  the  central  portions  of  the  dorsal 
fissure,  rudiments  of  gray  and  white 
medullary  sulistance  are  found,  arranged 
iu  a  manner  that  corresponds  to  absence 
of  union  of  the  walls  of  the  medullary 
groove.  The  substance  of  the  8i>inal  cord 
is  flattened  out,  and  underneath  it  is  the 
\exy  vascular  tissue  of  the  pia  mater  and 
aiachnoid.  If  these  he  carefully  raised,  a 
nan-ow  space  is  exposed,  corresponding  to 
the  arachnoideal  or  subdural  space,  and 
ti-aversed  by  the  ner\'e  roots  and  ligamen- 
tum  denticulatuni.  Lastly,  a  fibrous  membrane,  corresponding  to  the  dura 
mater,  lies  on  the  vertebne. 

In  partial  rachischisis  these  changes  are  limited  to  short  segments  of  the 
spinal  column.  The  flattened,  spread-nut,  ruilimentary  cord  passes  above  and 
below  into  normally  formed  spinal  cord  (Fig.  140).  In  such  cases  a  collection 
of  fluid  is  very  often  fonmed  at  the  .^ame  time  in  the  subdural  space  and  in 
the  meshes  of  the  arachnoid.  This  collection  of  fluid  has  often  been  regarded 
as  the  cause  of  the  malformation.     W.  Koch  has  shown,  however,  that  such  a 
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Fifl.  189.— DiiigTAiiimatic  aocUou  of  Uie  rudiuiPutAry  6pliml  cunJ  iiud  uiwmbnin«s  Jii  mclilgchliili.  a,  CyUndrIca 
epSthcltum  of  tlie  patent  central  cadaI,  paA&Lag,  at  tlio  itutrgius,  luto  h,  b,  the  epitboUii]  cutaneous  cov«ri(ig ; 
c,  c,  gT»y  matter,  and  d,  it,  white  matter  of  the  Bpinal  eortl ;  t,  c,  median  (anterior)  motor  nerve  roots ; 
/,/,  lateral  (ixisterlor)  sensory  uerve  rof,>t« ;  j/,  <j,  pia  mater ;  h,  arachnoid ;  (.  <,  dura  mat  or ;  k,  fc,  llgaiueutum 
deuUeolatutu. 

view  13  not  tenable,  as,  under  normal  circumstances,  the  medullaiy  groove  has 
closed  before  the  tissues  of  the  dura  and  pia  arachnoid  are  differentiated. 
Disease  of  the  membranes  tlierefore  cannot  be  regarded  as  the  cause  of  tlie 
persistent  patency  of  the  medullary  groove.  It  is  rather  the  pateucy  of  the 
medullary  groove  which  forms  the  starting- i>oint   of  the  lesion,  and,  subse- 
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qiiently,  leads  to  imperfect  growth  of  tlie  tissues  which  embrace  the  spinal  cord 
from  behind,  i.e.  dorsal  ridge  (v.  Recklinghausen).  As  this  author  pointed 
out,  imperfect  developtnent  of  the  ktend  plates  of  the  embryo  is  often  associ- 
Lited  with  imperfect  development  of  the  dorsal  ridge,  so  that  abnormalities  in 
the  closing  of  the  anterior  middle  line  are  comparatively  often  combined  with 
dorsal  fissure.  The  subsequent  collection  of  Huid  between  the  membranes  of  the 
patent  spinal  cord  is  the  result  of  the  circumstance  that  the  spinal  cord  is 
exposed  and  lacks  the  ]jrotectian  of  the  vertebral  arches,  the  muscles,  and  the 


/y 


^\ 


>\- 


5^' 


f        ^ 


\ 


Av>'  •-;;, 


Flo.  140.— RcchiAcIiisia  luiiiUjtiAcnilu  (after  v.  Kecklki^Tiitueii).  The  durxal  anrniCB  uf  the  (ofl  partu  of  thr 
t«ck  were  iiornud.  «,  o,  Flattened  atid  Bxt<?u<letl  rudiiunntary  spinal  coni  (area  medulla  vaacuJoBa); 
U,  provinial,  and  r,  iiiiftiil»  rnm>w8,  forMilnj;  tlie  entrance  to  the  cloaecl  ixjrtioii  of  the  central  uanfll  of  th«' 
•ipinal  (!»nl ;  W,  cxjKJsed  pJa  (tonx  e'].»itlieloM'rr->*a) ;  «,  »qtu>inona  eplthnliuin  uf  the  akin  (z^na  dnnnatiGA). 
The  covering  of  cylindriail  I'pllhtiUuui  ou  Uib  iiifdtillary  ijroove  was  lost  iit  tlii*  ciMf,  ff,  The  HiHnul  curii, 
■•JCItuHeil  by  an  IncUion  In  tiie  akin.  Au  incision  lias  b^u  luadtt  throu^ih  tht;  middle  uf  th«'  prrtnnition,  to 
«how  the  Bub-oraclinoid  apact;  tni>'ersed  by  ner^e  rout*  ftud  |injcr«*i>->*  uf  arachnoid. 

skin.  The  pressure  of  the  cerebro- spinal  tliiid,  although  certainly  not  great, 
jmshe.s  the  slightly  resistant  parts  outwards,  so  that  they  form  a  sac  in  wliich 
the  fluid  collects. 

In  these  cases,  tumours  of  varying  size,  tilled  with  fluid  and  sometimes 
projecting  markedly  above  the  general  cutaneous  surface,  occur,  mostly  in  the 
sacral  or  cervical  regions.  This  is  the  mythmumnf^xtcfh'  mrrn!i.<  or  rrnknlLi, 
which  is  also  frequently  described  simply  as  a  form  of  spina  bifida.  On  the 
highest  point  of  the  convexity  of  these  tumours  a  depressed  area  is  found  (Fig. 
141)  which  is  either  cicatri.sed  or  forms  u  small  portion  of  the  central  canal  of 
the  cord,  open  externally.     This  depressed  area  may  be  surrounded  on  all  sides 
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by  the  skin.  In  other  cases,  the  covering  of  the  tumour  has  thinner  walls. 
It  is  only  at  the  margins  of  the  tuiuour  that  it  consists  of  the  tissues  of  the 
ftkiti,  while  in  the  middle  of  the  tumour  it  presents  the  already  mentioned 
chairacters  of  the  rudimentary  spinal  cord,  patent  posteriorly.  If  the  tumour 
is  incised,  a  cavity,  filled  with  fluid,  is  opened  into  (Fig.  142).  Throujrh  this 
tlie  spinal  cord  jjasse*  fiom  the  fissure  in  tlie  spinal  column  to  that  pai  t  of  the 
wall  of  the  sac  wliich  is  marked  externally  by  the  depression.  The  (spinal  coril 
here  penetrates  the  wall  of  the  sac,  to  which  at  this  point  it  is  ^rmly  bound 
tlown,  and  becomes  exposed  on  the  surface  of  the  akin.  If  no  cicatrisation  has 
occurred,  the  epithelium  of  the  central  canal  is  continuous  with  the  epithelium 
of  the  skin,  since  the  spinal  cord  is  not  closed  at  the  adlierent  j»art.  From 
here  the  spinal  cord,  supported,  as  a  rule,  by  the  hlum  terminale,  passes  back, 
unattached,  through  the  cavity  to  the  distal  termination  of  the  fissure  of 
the  spinal  column.  Lastly,  from  the  parts  of  the  spinal  cord  which  aj'e  li-ee  in 
the  cavity  of  the  sac,  as  well  as  from  those  which  are  adherent  to  the  skin, 


Fio.  141.— IklyckinieuliJiiiK'Hi! 
8icntli«  (an<?r  Fornler}. 


Flo.  142.— MyeliutiMiUigoc*'!*  tacnli*.    Souivwhsi 
di»|in«iiitiatic.    o,  Filuin  teimijuilt. 


there  arise  a  number  of  nerve  roots.  These  run  as  shining  white  cords,  partly 
free  in  the  cavity  of  the  sac,  jiartly  lying  on  the  sac  walls,  back  into  the  verte- 
bral groove,  peuotrate  tli*?  dura,  and  then  pass  out  through  the  intervertebral 
foramina. 

Lastly,  the  walls  of  the  sac  are  formed  by  the  dura  mater  and  a  separated 
layer  of  the  arachnoid,  while  the  .spinal  cord  is  covered  by  the  pia  an<l  a  second 
layer  of  the  arachnoid.  The  accumulation  of  fluid  is  thus  chiefly  found  between 
the  hiinelhL*  of  the  arachnoid  ;  but  simietimes  a  considerable  quantity  of 
Huid  is  found  between  the  dura  and  tlje  arachnoid.  At  the  apex  of  the  sac,  as 
far  as  the  fissured  spinal  cord  is  exposed,  the  dura  is,  of  course,  absent.  Only 
jiia  and  arachnoid  lie  below  the  spin.d  coftl  in  this  situation. 

M\jdmia\in{ii)cdr  cnm-alis  is  »iimilarly  constituted,  and  anrtlo£;ous  malforma- 
tions in  the  region  of  the  brain  will  afterwards  be  descrthcd.  Some  other 
varieties  of  malformations,  however,  oi'cur  in  the  spinal  column,  cond>ined  with 
spina  bifida,  of  wliieh  vicnimjwch  will  be  first  described.  In  this  condition  the 
spinal  cord  is  not  directly  involved.     These  nre  only  accumnlations  of  fluid  in 
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the  nieinbraues  of  the  spinal  cord  which  distend  the  diu'ji  mater  in  the  form 
of  a  sac,  niofit  frequently  in  a  [wsterior  direction  {man myocele  p/nkrior).  Tins 
is  often  associated  with  defects  in  the  vertebral  arches,  and,  like  the  mal- 
formation previously  discussed,  is  most  common  in  the  sacral  region.  It  is 
often  small,  so  that  no  external  deformity  occurs,  the  projecting  sac  being 
coQcealetl  by  the  soft  parts.  In  other  cases,  deficiency  of  the  bodies  of  the 
vertebnc  is  found,  with  protrusion  forwards  of  the  membranes  of  the  spinal 
cord  {mriiinffordf  niifnutY). 

A  less  common  occurrence  than  the  meningocele  is  the  mifdocystoctU^  hydro- 
mtjdort'U\  or  i>f/rintjomij/'h)<rk',  which  is  caused  by  accumulations  of  flui<l  in  the 
central  canal  of  the  spinal  cord.  The  dilTiise  dilatation  of  large  sections  of  the 
central  canal  which  is  called  syringomyelia,  and  also  occurs  as  a  congenital 
malformation,  must  be  clearly  distinguished  from  the  sac-shaped  dilatations 
of  isolated  portions  of  the  central  canal  now  under  discussion.  The  wall  of 
a  syringomyelocele  consists  of  spinal  cord  substance  and  its  membranes,  and 
the  sacs  are  lined  with  cylindrical  epithelium,  as  is  the  whole  central  canal 
(v.  Ilecklinghausen).  These  formations  are  associated  with  defects  of  tlie 
bodies  or  arches  of  the  vertebriB  and  may  give  rise  to  lateral  openings  in  the 
vertebral  canal. 

CranM'iuhisrhisis  lokiliH  may  furm  the  starting-point  for  consitleration  of 
analogous  malformations  in  the  region  of  the  brain.  If  this  condition  is  limited 
to  the  region  of  the  brain,  cmnwschisu^  hemirrphaUtt,  or  tiomiia  results.  The 
vault  of  the  skull  is  absent,  completely  or  throughout  its  greater  part, 
On  the  abnormally  curved  base  ot  the  sktdl  lies  a  reddish  mass  of  tissue, 
frei|uently  bleeding  at  birth,  in  which  traces  of  the  brain  substance  are  either 
completely  absent  {aiicucephulio)  or  are  present  in  varying  amount.  From 
the  dimiinitive  size  of  the  base  of  the  skull  and  the  prominence  of  the  eyeR 
and  jaw,  the  shajio  of  the  head  becomes  peculiar  and  characteristic,  leading 
to  the  name  of  cat-  or  toad-head  (Fig.  143). 

If  the  head  of  such  a  monster  be  sawn  through  in  the  mesial  plane  with 
a  fine  saw,  it  will  be  distinctly  seen  that  these  appearances  are  also  caused 
by  persistent  patency  of  the  medullary  groove,  of  course  in  its  anterior  portions. 
In  Fig.  144  the  parts  in  the  sawn  surface  are  sharply  outlined.  B<dow  the 
lightly  shaded  surface  of  the  skull  a  darker  mass  of  tissue  {h)  is  drawn  whicli 
represents  the  immediate  contiiuiation  of  the  spinal  cord.  The  more  lightly 
shaded  parts  (a)  above  this  darker  layer  do  not  lie  in  the  plane  of  the  section. 
They  represent  the  surface  of  the  skull,  seen  in  persj»ective. 

If  this  malformation  be  examined  more  closely,  it  will  be  found  that  the 
eyes  are  well  developed,  and  that  probably  the  anterior  cerebral  vesicle  was 
present  m  rudiment  at  least.  There  is  a  median  fissure  of  the  uppt'r  lip, 
perhaps  connected  with  imperfect  development  of  the  olfactory  lobe,  as  will  be 
more  minutely  described  in  dealing  with  arhinencephaluR.  The  cerebral  vesicle 
lies  exposed  on  the  floor  of  the  skull  and  merges  laterally,  anteriorly,  and 
posteriorly  into  the  cutaneous  coverings  in  a  fashion  similar  to  that  already 
described  in  rachischisis.  Only  the  medidla  oblongata — that  is,  the  region  of 
the  hind -brain — appears  to  bo  develnpi^d  to  any  extent.  Behind  the  medulla 
oblongata  there  is  some  tissue,  shaded  somewhat  dark  in  the  drawing,  which  is 
perhaps  proliferate*!  choroid  plexus  of  the  fourth  ventricle,  and  below  this  the 
section  of  the  tabular  part  of  the  occipital  bone. 

The  relations  of  the  malformation  represented  in  mesial  section  in  Fig. 
I4r>  appear  to  be  somewhat  diflerent.  The  eyes,  oral  cavity,  and  nose  are 
well  develojKjd,   and  also  some  hooes  of   the  anterior   parts  of  the  vault   of 
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tlie  skull.  The  cerebrum,  however,  protrudes  from  the  skull,  which  is  OfKSD 
j>ostenorly,  and  is  only  covered  by  a  delicate  membrane,  confiisting  partly  of 
brain  membranes,  and  jjartly  of  processes  of  the  skin.       Below  the  baj:-like 

cerebrum,  which  hangs  down  on  the  back, 
a  thin  lamella  of  brain  matter  lies  on  the 
floor  of  the  skull  and  is  in  connection  with 
the  spinal  cord. 

It  ma)'  be  assumed  in  those  cases  that 
a  part  of  the  cerebral  vesicles  remained 
unclosed  in  the  embryo  as  a  fissure, 
patent  poBteriorly.  Into  these  the  cen- 
tral canal  of  the  spiiial  cord  or  the  aque- 
ductus  Sylvii  may  open,  and  since  parts 
at  least  of  the  cerebrum  are  develoj>ed, 
an  oj>ening  from  the  ventricles  on  to  the 
surface  of  the  brain  mass  is  quite  to  be 
exjiected,  similar  to  that  described  in 
connection  with  the  central  canal  of  the 
cord  iu  partial  rachischisis,  I  have  not 
as  yet  been  able  to  prove  this  with 
certainty,  but  have  succeeded  in  doing 
so  with  regard  to  a  malformation  of 
the  kind»  combined  with  rachischisis,  in  which  the  brain  was  somewhat  less 
deformed,  notwithstanding  the  fissure  of  the  skrill. 

The  fairly  large  fojtus  (Fig.   146)  has  a  broad  fissure  on  lu  back,  passing 
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Fio.  144.— Mwllan  «?cUon  ofUie  tsuc  «r  cnuiimscbinJii  drawn  in  Fig.  148.  Reduoed  In  the  iiroportlon  ol  14  :I7. 
0,  5ur&c«  of  the  head  wwii  forcshorteued  ;  h,  rudiniciitary  braiu,  cut  iKurfliof ;  o,  median  flanire  of  lli> ; 
d,  occipital  boiMf. 

withuut  distinct  boundary  into  the  vault  of  the  skull.  An  indication  of 
the  formation  uf  two  hemispheres  can  be  seen,  and  somewhat  behind  them, 
in  the  middle  line,  there  is  a  distinct^  transverse,  sliidlke  ojictiing. 
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In  this  case  there  is  a  direct  communication  between  the  cutaneous  surface 
and  the  internal  surface  of  cerehnil  ventricles  at  the  opening  u,  and  this  goes 
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Fio  147.— The  ftctus  reprfs*i>t«*il  in  Fig.  UG.  M«s.lal  wction  thmuKli  liwul  mnl  Uiorax.  Rwlucvii  in  pruijorlicwj 
19  \\t.  a,  Slit-BlwpeiJ  oanal  iBadhiij  to  the  iirelirnl  ventricles  ;  h,  nidinieittiiry  Mpitml  ponl,  open  jxnit^i'iorly, 
tuwluUar)'  gruovc  ;  c,  uxadiuokdeal  cavity,  Ira  versed  ty  ner^e  roote  Biid  procwwes  of  amchtioid. 

to  prove  that  the  malformation  arose  from  the  jjcrsistcnt  patency  of  isolated 
portions  of  the  medullary  groove.  It  must  remain  undecided,  however,  until  a 
minute  investigation  of  seiial  sections  is  made,  whether  the  covering  of  the 
cerebral  ventricle,  seen  in  Fig.  147,  is  f onued  only  of  fore-brain,  thus  corre- 
sponding to  the  cerebral  hcnuspheres,  or  if 
raid  and  hind  brain  abo  take  part  in  the 
foiTtiation  of  the  roof.  In  this  event,  which 
appears  to  me  to  be  more  probable,  the 
iliugram  in  Fig.  148  will  explain  the  condi- 
tion. The  medullary  groove  had  remained 
open  from  its  caudal  extremity  to  the  point 
/•,  corresiioijding  to  the  roof  of  the  fourth 
ventricle.  At  the  same  point  /',  the  entrance 
to  the  cerebral  ventricles  was  found,  limited 
in  front  by  the  rudimentary  cerebellum  c. 
The  roof  of  the  ventricles,  however,  was 
formed  by  mid -brain  m  (corpora  quadrige- 
Miiiia)  ami  by  fore-bmin  (cerebntm). 

After     having     described     these    types 

of   extensive   cranioschisis   it  must,  in    the 

first   place,   be  pointed  out  that  the  miiss  of   nerve  tis.sue  which  covers   the 

upper  surface  of  the  base  of  the  skull  in  these  malforinations,  generally  shows 

many  defects  and  is  often  rendered  unrecognisable  by  the  great  development 


Fhj.  148.— Scheuuitlc  longitiidinsi  section  of 
tbtt  bntln  of  n  fu'tal  culf,  3*.t  cm.  long. 
Cot)sLniet«d  on  Uic  pUn  of  .tn  llliiairatlon 
by  Kulllkor.  c,  Fure-bnuin ;  \%,  mid- 
bmifl ;  f,  radiraeutary  ctrfbellunj ;  h, 
curve  of  the  poa» ;  /',  plexu*  In  the  roof  of 
the  fourt.h  veiita-lcle  ;  r,  «pliijd  oord. 
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of  its  capUlai'ies,  It  has  already  been  mentioned  that  it  may  completely  dis- 
appear- 
Next  arises  the  fjiiestioii  of  etiology.  In  this  connection  it  may  be  pointed 
out  that  Leliedefl*  was  tlie  first  to  demonstrate  iiersistent  ]);itency  of  the 
medullary  tube  as  the  cause  of  craniorachischisis,  by  investigations  on  chicken 
emhryos  and  an  early  human  ftetus.  His  researches  were  confirmed  and 
extended  by  my  own  cases,  just  described.  Althongh  Lebedeti"  tried  to  prove  that 
the  aljnormal  curvature  of  the  base  of  the  sliull  was  the  cause  of  tlie  persistent 
patency  of  the  medullary  groove,  I  must  remark,  in  opposition  to  this,  that 
the  abnormal  angk  of  the  base  of  the  skull  may  also  be  regaixled  as  a  result 
of  the  persistent  patency  of  the  medullary  groove.  As  a  matter  of  fact,  I  have 
no  doubt  that  the  patency  of  tiie  medulllary  groove  and  the  consequent  deficiency 
in  the  vault  of  the  skull  must  necessarily  entail  almormal  curvatui-e  of  the  base 
of  the  skull.  The  special  conditions  in  the  individual  cases  then  determine 
whether  the  curvature  be  incresised  or  diminished.  The  causes  of  the  cranio- 
schisis  cannot  differ  in  any  essential  points  from  the  causes  which  bring  about 
racbischisis.  Ijebed*:^ff's  view  is  quite  insuliicient  as  an  explanation  of  the 
latter,  since  in  racbischisis  the  curvature  of  the  spinal  cord  is  even  less  than 
norma!  in  some  parts,  whereas,  according  to  Lebedefl*^  the  increase  of  the 
curvature  is  supposed  to  give  rise  to  the  patency  of  the  medullary  groove. 
Both  in  craniosrhms  and  rarkischisis  the  persistent  jmltnnj  of  the  medullary  ctroom 
f'Vm^,  apart  from  a  few  cases  of  ruptured  hydrocephalus,  the  nnatommd  comlition 
which  determines  the  k^^ivn.  The  lesion,  however,  appears  in  the  form  of  an 
interference  with  development  which  first  involves  the  rudimentary  cerebio- 
spinal  axis,  but  does  not  usually  limit  it,self  to  this.  In  fact,  cranio-  and  rachi- 
Bchisis  are  always  associat-cd  with  distarbances  of  the  development  of  the  spinal 
column  and  often  with  disturbances  of  the  closing  of  the  anterior  middle  line 
of  the  body,  with  umhilical  hernia,  ahdomintii  fissure,  and  malformations  of  the 
extremities.  From  these  facts  v.  Recklinghausen  has  drawn  the  conclusion 
that  insufileieut  development  of  the  lateral  plates,  and,  especially,  of  the  dorsal 
ridge  of  the  embryo,  results  in  persistent  patency  of  the  medullar}'  groove. 
This  purely  mechanical  \iew  does  not  appear  to  do  justice  to  ail  the  facta. 
The  facts  which  will  subsequently  be  brought  forward  in  reference  to  arhin- 
cncephalus,  show  that  malformations  of  the  anterior  end  of  the  medullary  tube 
me  frequently  combined  with  malformations  of  other  parts,  e,f/,  the  upper  and 
lower  limbs.  In  my  opuiion,  therefore,  it  is  more  suitable  to  regard  the 
malformations  of  the  lateral  plates,  and  of  the  extremities  which  develop  from 
them,  as  consequent  on  the  malformation  of  tlie  medullary  tube. 

The  locally  hmited  fissures  of  the  skull,  analogous  to  myelomeningocele  and 
meningocele  sacralis,  dorsalis,  and  cen'iealis,  require  to  be  considered  here. 
These  are  the  varieties  which  are  termed  nicejihtfttmcningorde^  encephd*jcdt\  and 
uufiiHjjtHifle.  Virchow  has  already  pointed  out  that  the  most  usual  and  frequent 
situation  for  these  malformations  is  in  the  median  plane.  They  chieHy  affect 
the  tabular  portion  of  the  occipital  bone.  Here  they  form  the  typical  aKephalo- 
mi'nmijorrh  oedpitalis  in  the  shape  of  a  i>ouch-like  appendage  at  the  back  of  the 
head  (Fig.  149).  This  may  be  of  varying  size.  If  this  bo  more  closely 
examined,  say  in  a  mesial  section  (Fig.  150),  it  shows,  somewhere  under  the 
cutaneous  covering,  a  thick<^r  or  thinner  sac,  filled  with  fluid  and  formed  of 
dura  and  parts  of  the  arachnoid.  Into  it  jiarts  of  the  brain  enter  and  are 
firmly  adherent  at  some  point  on  the  posterior  circumference  of  the  sac.  This 
is  the  point  at  which,  originally,  the  medullary  groove  had  not  succeeded  in 
closing.     A  small  cicatrised  area  or  a  little  heap  of  reddish  vascular  tissue  some- 
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times  ajipears  on  the  external  surface  of  the  sac  as  the  remains  of  the  patent 
medullary  groove.  In  other  cases,  the  point  of  adhesion  is  not  recognieablc 
externally,  as  in  the  analogous  fomiatinn  on  the  siacrum,  the  jniffh/mmwffocrlt 
ma'<di-<j  but  is  covered  by  epidermis. 

Similar  sacs  forming  the  encepkthmirnhujwrh  sindpitaU^  are  found  on  the 
anterior  aspect  of  the  sknll,  in  the  neighltoiirhood  of  the  glabella,  at  the  root  of 
the  nose,  sometimes  even  extending  into  the  nasal  cavities  <Fig.  Inl).  Such 
formations  have  also  been  observed  on  the  vertex. 

If,  in  such  cases,  there  is  no  collection  of  fluid  in  the  sac,  which  thus 
contains  brain  substance  only,  besides  the  brain  membranes,  the  condition  is 
termed  rnrrphahxek,  A  specially  high  degree  of  encejtbalocele  sometimes 
occurs  at  the  occiput,  with  or  without  rachiscbisis  (Fig.  1,j2).  The  sac  then 
contains  nearly  the  wliole  of  the  brain,  and  therefore  hangs  on  the  back  of 
the  fa?tu.s — iwkna'phalm  (from  I'uiro?,  the  back). 

Lastly,  on  the  skull,  as  on  the  spinal  cord,  sacs  occur  which,  Ijesiiles  the 
membranes,  oidy  contain  Huid  {wniivf/orele  occipitalis,  Mncipifaliit). 


%^ 


:t-^ 


C!l 


Fto.  liU, — ETii<f<iihaluiiieningoi<«le 
accipiUlin. 


Fin.  ];«j.K  — Khr.  , 
McUon.    Sowv 


i'Celn  oocipit*I«i  in  ikimJuI 
\tic.    Half  riAtanl  <<ii;c. 


The  pouch -like  protniBions  of  the  scalp,  filled  with  brain  membmnes, 
brain  substance,  and  iluitl,  which  have  just  been  described,  have  also  been 
termed  cerchrtd  hernia  {hernia  cerebri),  anterior  and  posterior.  Similar  for- 
mations have  been  descril>ed  on  the  lateral  and  inferior  portions  of  the  skull- 
cap and  are  called  meningocele,  encephalocele,  or  encephalomeningocele, 
according  to  their  contents.  Their  explanation  is  still  ,i  matter  of  considerable 
difficulty,  Many  of  these  cases,  certainly,  may  be  shown  to  be  directly  pro- 
duced by  adliesions  between  the  skull-cap  and  folds  of  the  amnion,  which  give 
rise  to  the  defoi^ity  by  external  traction. 

The  conditions  in  the  brain  which  correspond  to  the  conditions  of 
aalpingomyehis  and  myelocystocele  in  the  spinal  coi-d  are  comparatively 
common.  Hydroc^phtthLs  inta-tvis  mwjeuitns  (the  analogue  of  salpingomyelus, 
the  diffuse  dilatation  of  the  central  canal  of  the  spinal  cord)  is  to  be  included  in 
this  class.  It  appears  in  the  foi-m  of  cystic  dilatation  of  the  cerebral  ventricles, 
round  which  tht?  brain  substiitice  forms  otdy  a  thin  shi-ath.  The  lining  of 
cyhndrical  epithelium  can  l>e  demonstrated  without  difficulty  on  the  walls  of 
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the  di3ate<l  ventricles.  Considerable  enlargement  of  the  skull  and  many 
defects  of  ossification  are  present  at  the  Rame  time.  Many  caaea  of  congenital 
liydrocephalus  live  for  years,  in  which  case  the  ticcuranlation  of  fluid  in  the 
ventricles  may  considerably  increase  after  hirth.  In  other  cases  the  cerebral 
vesicle  and  the  vault  of  the  skull  may  rupture  at  birtli  or  in  the  uteiiis 
during  fcetal  life  (Billroth,  Heine).  This  occurrence,  when  it  takes  place  in 
utero,  need  not  necessarily  entail  the  death  of  the  fuetus.  If  it  be  borne  in 
mind,  further,  that»  according  to  observations  by  Meckel,  Otto,  and  Rudolphi, 
high  degrees  of  hyilrocephalus  may  occur  in  the  first  weeks  of  fo?tal  life, 
there  can  bo  no  doubt  that  many  cases  of  cranioschisis  arise  from  the 
rupture  of  the  vault  of  the  skull  and  of  previousl}'  closed  cerebral  ve&icles 
distended  by  h3'drocephaliis.  This  always  appears  to  Ije  a  rare  event,  and 
Furater  was  wrong  in  describing  it  as  the  usual  cause  of  all  forms  of  cranio- 
schisis.     A  review  of  the  published  cases,  however,  shows  that  cranioachiais 
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owes  its  origin  to  very  various  causes,  of  which  the  persistent  patency  of  the 
medullary  groove,  as  a  result  of  some  hindrance  to  development,  and  the 
gradual  rupture  of  hydrocephalic  cerebral  vesicles  have  been  most  satisfactorily 
demonstrated. 

Virchow  has  already  described  the  dilatation  of  isolated  portions  of  the 
cerebral  ventricles  as  analogous  to  myelocystocele  of  the  cord.  The  hiHitDp-^ 
aptkus  a/run  jiosttriorts,  a  fairly  common  malformation,  belongs  to  this  group. 
The  posterior  horn  of  the  lateral  ventricle  of  the  brain  is  obliterated  at  one 
I>art,  and  behind  the  obliteration  the  end  of  the  post*^rior  horn  is  markedly 
dilated  and  filled  with  fluid.  Hf/dro/tfi  ventnculi  quarti  appears  to  be  still  more 
common.  The  dilated  ventricle  sends  a  pouchdike  dilatation  round  the 
medulla  oblongata,  which  emerges  below  the  pons  between  the  medulla  and 
cerebellum  and  may  exert  pressure  on  neighbouring  nerves,  the  root  of  the 
facial  especially.  Hydrops  vnitrkuli  iftinii  (dropsy  of  the  fifth  ventricle)  may 
occur  in  like  manner. 
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In  all  the  malformationa  of  the  brain  as  yet  described,  the  anterior  psrtfi  of 
the  fore -brain,  especially  the  optic  vesicles  and  the  olfactory  bulb,  are  only 
«lightly  involved.  The  eyes  are  mostly  well  formed,  even  although,  aooordiog 
to  Manx,  the  retina  showB  few  or  no  nerve  fibre*.  There  are,  however,  mum 
chai-ncteristic  and  interesting  malformations  in  these  anterior  parts  of  the  central 
nervous  &ygtem. 

j\Tnong8t  th<*se  ctfci^tpia  or  nifnrqyhthalmia  is  the  first  to  be  mentioned.  Both 
eyes  are  fused  into  one  organ  which  usually  occupies  the  middle  of  the  fore^head 
(Fig.  153).  The  single  eye  corresponds  to  a  single  orbit  (Fig.  154)  and  single 
optic  nerve.  Above  the  eye  a  snout-shaped  rudimentary  nose  is  risibiA  in 
many  cases,  but  is  absent  in  this  case.  On  the  face  bones,  also,  no  trace  of 
it  can  be  seen.  The  up}>er  jaw  is  present,  bat  the  lower  jaw  is  absenti  and 
the  ears  are  situated  low  down  in  the  cer^-ic-al  region. 

Tlie  brain  of  this  preparation  is  unfortunately  not  available.  In  Fig.  154 
it  can  be  seen,  however,  that  only  one  optic  foramen  is  present.     The  brain, 
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in  such  cases,  is  usually  considerably  deformed.  The  division  of  the  fore-brain 
into  two  hemispheres  is  often  absent,  and  the  cerebrum  appears  as  a  single  cyst 
wall  (rifr}cnrfpha!us)f  surrounding  a  more  or  less  markedly  dilated  ventricle.  In 
slight  degrees  of  tliis  disturbance  two  eyes  are  formed,  very  closely  approached 
to  each  other,  and  l}nng  in  a  common  orbit  (symphtluilmui)  or  even  partially  fused. 
In  the  preparation  rej)resented  in  Figs.  153  and  154  the  nose  is  completely 
absent.  If  the  olfactory  bulbs  are  also  absent,  this  may  be  termed  arhin' 
rTu'rphiilits,  as  suggested  by  Kundrat,.  Kundrat's  investigations  have,  however, 
also  shown  that  arhinencephalus  is  a  special  malformation,  which  may  occur 
without  such  extensive  malformation  of  the  eyes.  According  to  him,  the 
absence  of  the  olfactory  lobe  is  associated  with  rudimentary  development  of 
the  nose,  defects  in  the  intermaxillar)'  bone  and  the  nasal  septum.,  median  and 
lateral  fissures  of  the  upper  lip,  fissure  of  the  palate,  absence  of  the  olfactory 
nerves,  and  abnormal  development  of  the  cerebrum.  The  latter,  as  in  cyclopia, 
forms  a  single  vesicle,  sometimes  associated  \Wth  very  imperfect  formation 
of  Its  individual  basal  portions.  In  many  cases  the  eyes  are  considerably 
approximated,  although  contained  in  separate  orbital  cavities.     Malformations 
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of  other  organs  are  frequently  found  at  the  suine  time  r  anomalous  development 
of  the  heart  and  great  vessels,  synotia,  auricular  ap|>enilag<!S,  umbilical  heniiie, 
defects  of  the  diaphragm,  and  supernumerary  fingers  and  toes.     It  is  not  without 


"^nX 


Fki.  ir.5.— Mlcrciici'pliallc  brain  (nfU'r  Biiwholl). 

interest  in  this  connection  that  all  these  associated  malformations  may  occur 
in  the  same  way  in  cyclopia.  Cyclenceplialus  and  arhinencephalus  arise  from 
malformations  of  the  anteriur  pjirt  of  the  emhryonic  brain.  In  suth  cases,  the 
disturlance  evidently  fre<|uently  extends  to  the  anterior  motor  areas  of  the 
cerebrum,  and  thus  [>r<jduccs  the  above 
developmental  distnrbances  in  the  trunk  and 
extremities.  An  excellent  example  of  this 
variety  of  hydrocephalus,  arhinencephalus,  and 
microraelus  is  given  in  Fig.  1 58. 

The  last  important  variety  of  malforma- 
tions of  the  brain  is  miarnreplMhus,  Bometimes 
associated  with  arhinencephalus.  In  the 
pur«  form  of  this  malformation  the  brain  is 
under-developed  in  all  its  parts  and  is  dis- 
tinguished by  the  remarkable  paucity  of  its 
convohitions.  An  arrest  of  development  is 
observed  at  the  .same  time,  since  the  brain 
ha-s  remained  stationary  at  an  earl}"  stage  in 
its  formation  (Fig.  155).  The  skull  is 
coiTespondingly  small  and  shows  abnormal 
ossification,  premature  synostosis  of  the  skull 
b(»nes,  or  the  development  of  numerous 
Wormian  bones,  as  may  be  recognised  in  a 
small  skull  (Fig,  156)  in  the  Dorpat  collection,  evidi-ntly  that  of  a  newly-boni 
child.  In  hiffhomirrenct^jthdhis  all  or  individual  cerebral  ventricles  are  dilated  by 
accumulation  of  fluid,  in  addition  to  these  malformations.  The  skull  is  generally 
snndl,  but  separate  portions  of  it  may,  however,  he  bulged  out  by  the 
collection  of  fluid. 
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4.  Malfonuations  of  the  Extremltiea 

DupUcaiion   of   entire  extremities    has,  as  yet,  only  been  observed   with 
certainty  as  parasitic  double  malformations  derived  from  the  development  of 

two  germs?.  Multiplication  in  the  hand  and  foot, 
however,  occur  as  simple  malformations,  and  of 
these  multiplication  of  the  tingers  is  the  most 
common  {]K>hjdacUjly).  As  a  rule,  it  is  the  first 
or  the  fifth  finger  or  toe  which  is  duplicated. 
The  supernumerary  member  is  either  composed 
of  soft  parts  only,  when  it  is  rudimentarily 
develo|>ecl,  or  it  has  a  more  or  less  complete 
phalangeal  skeletwn  which  articulates  with  the 
metacar[)al  or  metatarsal  bone  of  the  neighbour- 
ing member.  Liistly,  the  supernumerary  series 
of  phalanges  may  be  completed  by  coiTespond- 
ing  supernumerary  metacarpal  and  carpal,  or 
metatarsal  and  tarsal  bones.  The  duplicated 
fingers  are  not  infrequently  united  by  tight  webs 
of  skin.  This  malformation  often  affects  all  foui* 
extremities  at  once  to  a  greater  or  less  degree. 
It  is  distinctly  hereditary  in  many  families.  It 
not  infrequently  uccomitanies  malformations  of 
the  brain  and  spinal  cord. 

IiiaHfijilek  fonmi/wn  nltd  deJecU  of  the  eHrcmifies 
are  partly  due  to  defect  in  the  germinal  area,  partly  to  disease  of  the  bones  of 
the  fwtus,  and  partly  to  external  mechanical  influences  which  affect  the  embryo. 
Traumatism  and  abnormal  narrowness  of  the  uterus  are  as  important  in  this 
connection  as  constrictitin  of  the  extremities  by  amniotic  bands  and  processes. 
The  hitter  entail  imiicrfect  growth  of  the  extremities  by  interfering  with  the 
circulation  of  tin?  bh>tid  in  the  constricted  limb  ;  or,  by  complete  constriction, 
they  lead  to  B[>ontaneous  amputation,  and  thus  often  to  extreme  mutilation. 


Pio.  167.— PolyiUctyly.  DnpUcatlou 
of  tlic  ilftli  Ithger  in  a.  iiew-bnrti 
chilli,  nJliM'tvil  also  willi  iiiiHllAtk 
tIaNtifv  uf  tlif  lip,  (lofoct  of  the 
nHKHJ  iH'ptinii,  liyilnwcpltAlitM.  Mtid 
arhlnciici>[>l)nliu.     Natuml  (-Uo, 
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The  amputated  extremities  or  part3  of  extremities,  if  still  small,  may  W  re- 
absorbed and  completely  disappear. 

Sometimes  entire  extremities,  up  to  the  shoulder  or  pelvis,  may  be  absent 
or  are  only  represented  by  short  rudimentary  stumps  {ttnuiiiK).  If  only  the 
upper  or  the  lower  extremities  are  abseut,  the  conditions  are  termed  ahrachitu'i  and 
((/»«,•!.  In  other  cases  only  one  upper  or  one  lower  extremity  is  absent  {month 
Lrarhin^  monopu^).  The  mutilations  of  the  extremities  are  termed  pfromdiia, 
pef(}hra4ihius,  pfmp\ts,  and  paXHinHijlns.  In  some  cases  the  mutilation  of  the 
extremities  appears  in  such  a  manner  that  the  long  bones  and  their  soft  parts 
seem  extremely  short,   while  the   hands  and  feet  are  full}"  developed.     The 


Fki.  ISS.— MlcromeliiH,  (sjuibliiwl  with  h>'<trocepluaiu,  smallue^s  of  th*«  alfiict^>ry  bulbs,  imi  bUntemJ  llHflur*  of 
f  be  Up.    The  cyca  are  Approoclied  to  e«cli  otlier.    <*ne-nrih  nattirnl  nlw. 


latter  are  thus  situated  in  the  immediate  ueighbout-hood  of  the  shoulder  or 
pelvis  and  give  the  fci'tns  an  appearance  like  that  of  the  seal  {phowi/ulns). 
In  other  cases,  disturbances  of  the  growth  of  the  fa^tal  bones  lead  tu  abnormal 
shortness  of  the  extremities,  not  iuf'reiiuently  associated  with  curvature  of  the 
booes.  The  iianniculus  adipostis  may  be  greatly  developed  in  such  cases,  and 
hydrocephalus  is  often  present  at  the  same  lime  (Fig.  158), 

Lastly,  sireji  fonimHon  (ni/rnflia)  is  a  remarkable,  although  a  rare  variety. 
This  appears  as  a  cohesion  of  the  lower  extremities  of  the  fietus  throughout 
their  entire  length  {stfnipu-s  Fig.  159).  The  cohesion  involves  the  soft  parts 
in  the  first  place.  If  the  skeleton  of  the  fused  extremities  be  examined,  the 
deformity  will  l>c  foimd  to  extend  ttj  the  pelvis.  The  bones  of  the  thigh  and  leg 
are  either  separate  or  fused  together,  as  in  Fig.  160.     At  the  same  time,  the}" 
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Fio.  U^O.— Sk^ylcWii  of  th««  lower  cxtiruiit) 
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rtfttin),  or  only  one  fwt  or  iwrtion  of  a  foot  is  devekipctl  {st/mpuii  movoj/Uii). 
liiistls',  two  toot  may  be  developetl  {st/mptis  iHjms).  In  accordance  witJi  the 
fci'tal  position,  tlic  feet  nre  ilirecteil  backwunh.  Very  frequently,  when  the 
fiiHion  of  the  inferior  extremities  is  very  close,  the  external  orifices  of  the 
gi*nitO'Urintu*y  systems   and   of   the   anus  are   absent.     The   umbilical   cord 
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contains  only  two  vessels,  as  a  rule, — an  artery  and  a  vein — while  the  other 
uraliilical  artery  does  not  t>ecome  developed.  Ilachischisis  or  myelomeningocele 
and  fusion  of  some  of  the  fingers  are  sometieaes  present,  as  in  the  case  re- 
presented in  Fig.  ICO.  In  a  case  recorded  by  Levy,  siren -formation  was 
observed,  combined  with  congenital  absence  of  tho  nght  radius,  tlie  scaphoid, 
and  the  os  maguura.  These  cases,  together  with  the  facts  which  are  still  to 
be  brought  forward,  show  that  the  different  external  malformations  of  the 
extremities,  due  to  defects  in  the  germinal  area,  are  frequently  combined  and 
form  a  separate  group  of  distiu'bances  which  stand  in  close  relation  to  malfor- 
mations of  the  central  nervous  system. 

Fusion  of  some  of  the  fingers  and  toes  (syndtutyltj),  when  present,  is 
very  frequently  present  on  several  or  al[  of  the  extremities  of  the  same 
individual.  It  resembles  the  Polydactyly  which  is  hereditary  in  many  l^milies. 
In  many  cases  the  fusion  involves  the  soft  parts  only  (Fig.  161).  In  other 
cases,  the  phalanges  are  more  or  less  completely  unit'ed  or  separate  members 
of  the  skeleton  of  the  hand  are  absent.  Coiir/tiiikd  limitumK,  which  ure  of 
groat.  i)ractical  importance,  occupy  a  sptjcial  position.  These  will  be  mi.»re 
exhaustively  discu.ssed  in  the  special  part  of  this 
hook.  In  congcnitfd  dislocation  of  the  hip- joint, 
which  frequently  occurs  bilatendly  and  especially 
in  girls,  the  head  of  the  femur  is  found  outside 
the  acetabnluni,  displaced  among  the  neiglibonring 
soft  i>arts,  generally  in  a  dorsal  direction.  The 
acetabulum  is  accordingly  narrowed  ;  the  triradiate 
epiiihyseul  cartilage  which  |>sisses  through  it  is  pre- 
maturely ossified  (Dollinger,  Grawitz).  Tiie  head  of 
the  bone  is  misj^hapcn,  the  ligaments  and  capsule 
prove  to  be  considerably  elongated.  Similar  changes 
are  observed  in  the  congenital  luxations  of  the 
shoulder  and  elbow  which  occur  somuwliat  less 
frequently. 

Among  the  congenital  chib-formation.s,  dnh-fmt 
{talipes}  has  l>een  most  fully  investigated  Its  most 
common  form  (ffillpt's  fquinomrujf)  appears  as  an 
arrest  of  development  which  is  sometimes  combined  with  syndactyly,  less 
commonly  with  Polydactyly.  The  exttTtial  border  of  the  foot  is  directed  down- 
wards, the  internal  is  directed  upwards,  while  the  point  of  the  foot  is  turned 
downwards  and  inward.s.  Tlje  tarsid  bones  are  deformed,  sometimes  individual 
tarsal  bones  or  the  tibia  are  absent.  The  affection  of  the  foot  is,  in  many 
cases,  accompanied  by  analogous  defects  of  development  in  the  upper  extremity. 
Amongst  those,  dul-haiul  {fali^wmnnns),  combined  with  the  absence  of  the 
ittdius,  must  be  especially  mentioned.  This  occui-s  inilependently  also,  without 
coincident  deformity  of  other  extremities.  This  elub-fonuation,  due  to  defect 
in  the  germinal  area,  has  often  been  classed  with  similar  defomiities,  due  to 
the  pressure  of  the  wall  of  a  too  narrow  uterus.  Beasel-Hagen  has  the  credit 
of  classifying  the  different  varieties  according  to  their  etiology. 

It  must  be  mentioned  further  that  the  typical  club -formations  of  the 
extremities,  due  to  delect  in  the  germinal  area,  are  relatively  frequently 
accompanied  by  malformations  of  the  central  nervous  system.  These  relations 
between  the  malform:itioiis  in  the  central  nervous  system,  those  of  the  anterior 
hne  of  closure  of  the  body,  and  those  of  the  extremities  and  the  internal  organs 
of  the  body,  cannot  be  disregarded,  as  may  be  gathered  from  this  accouiit  of 


Pio.  mi.— SynJactyJy  ttom  tvaUut 
at  the  aotl  inartH.  Nutnnvl 
aUe. 


224 


CLUB-FOOT 


the  single  malformations.  They  certainly  require  to  be  carefully  worked  up. 
Two  chief  types  will  have  to  be  differentiated  :  jird^  the  results  of  disturbances 
of  the  central  nervous  system,  the  defects  of  the  formation  of  the  face  (arhinen- 
cephalus),  described  by  Kundrat,  and  the  club -formations,  fissure  of  the 
abdomen,  and  umbilical  hemiae  whtcJi  accompaii}*  mchischisia  and  meningocele  ; 
strnmlltf,  the  effect  produced  by  mutilations  of  the  parts,  especially  in  intra- 
uterine sijontaneoua  amputations,  on  the  development  of  the  jwripheral  and 
central  nervous  systems  (Edinger).  If  so  worked  up,  the  subject  of  malforma- 
tions   would    yield    a    valuable   contribution    to    the   subject   of  the    mutual 


fiQ.  l«'i.— <t,  Spliift  Uiilda  {ihyelouiBiilnBocele  ImutuaacndlB);  h,  henii*  iunbmc»li« ; .,  a«i«ure  of  abUoiunn  and 
bla^lJor,  sliowiiiy  th«  oriUce*  of  tho  inttrstlue  and  urethra.  Tiltpm  dext«r  raru*,  Tallpe*  «lDi*t<>r  vulg^m. 
Half  mutual  sto  (»lteT  E,  A.  Kcicli), 

relations   of    the  organs,   and  especially   to  the  subject  of  the  function   am! 
importance  of  the  nervous  system. 
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SECTION  II 
ELEMENTARY  FORMS  OF  DISEASE 

CHAPTER    VII 

GENERAL   CONSIDERATIONS 

In  the  first  section  on  general  etiology,  the  most  important  causes  of  disease 
in  man  have  been  considered,  and,  at  the  same  time,  their  modes  of  action 
have  been  briefly  indicated.  In  the  case  of  external  causes,  especially  in 
wounds,  intoxications,  and  infections,  these  modes  of  action  may  be  divided 
into  local  and  general  A  similar  division  might  be  made  with  reference  to 
the  effects  of  the  internal  causes,  and  seems  specially  suggested  by  inherited 
diseases  and  malformations.  The  distinction,  however,  was  merely  suggested, 
not  carried  out,  because,  at  the  time,  it  seemed  to  be  less  important,  since 
neither  in  inherited  diseases  nor  in  malformations  had  we  any  accurate 
knowledge  of  the  mechanical  and  chemical  processes  involved.  Consequently 
wo  had,  under  these  circumstances,  to  choose  a  mode  of  description  which 
w^ould  allow  etiologically  related  phenomena  to  be  discussed  together  from 
a  general  standpoint,  without  more  use  of  hypothesis  than  is  absolutely 
necessary. 

In  a  more  detailed  examination  of  the  morbid  processes  in  the  human 
body  we  might  accordingly  adhere  to  the  distinction  between  local  and  general 
diseases,  but  this  method  would  be  of  no  great  advantage,  since,  although 
general  diseases  affect  either  all  or  many  parts  of  the  body,  the  changes  they 
produce  in  individual  parts  are  essentially  similar  to  those  produced  by  local 
diseases.  If  local  and  general  diseases  are  considered  together,  therefore, 
it  will  bo  possible  to  make  their  description  more  concise  and  more  com- 
prehensive, and,  at  the  same  time,  to  examine  their  effect  on  each  other  in 
each  individual  case. 

Every  local  and  every  general  disease  is  made  up  of  a  varying  number  of 
separate  pathological  processes  which  may  be  termed  the  elementary  forms  of 
morbid  disturbance.  We  shall  first  examine  these  elementary  forms  in  detail 
and  then  proceed  to  study  the  manner  in  which  they  are  combined  to  form  the 
disejiscs  of  an  organ  or  of  an  individual. 

The  human  body  consists  of  a  large  number  of  various  kinds  of  tissue,  each 
single  kind  of  tissue  being  formed  of  cells  and  of  a  more  or  less  firm  or  fluid 
intercellular  substance.  Within  these  tissues  many  metabolic  processes  take 
place,  to  which  the  term  tissue  nutrition,  in  its  most  general  sense,  may  be 
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applied.  This  must  be  regarded  as  occurring  in  the  following  way : — Certain 
substances  pass  from  the  blood  into  the  tissues  and  there  undergo  a  chemical 
change  in  which  heat  and  mechanical  energy  may  be  set  free  or  stored  up. 
Such  products  of  metabolism  as  cannot  be  used  up,  either  as  heat  or  as 
mechanical  work,  are  removed  by  the  blood  and  lymph  vessels,  or  more 
especially  by  the  excretory  ducts  of  glands,  by  the  intestine,  the  lungs,  and 
the  skin. 

There  exists,  therefore,  a  correlation  between  the  blood  and  the  nutrition  of 
the  tissues,  and  this  correlation  is  further  influenced  by  the  action  of  the 
nerves.  Either  the  nerves  regulate  the  blood -stream  and  stimulate  or  inhibit 
the  activity  of  the  tissues,  or  the  process  of  tissue  nutrition  reacts  on  the 
excitability  of  the  nerves. 

In  correspondence  with  these  physiological  facts,  morbid  processes  may  be 
divided  into  three  groups  of  elementary  disturbances:  disturbances  of  the  cir- 
culation of  the  blood,  disturbances  of  tissue  nutrition,  and  disturbances  of  innervation. 

The  mutual  relations  between  the  disturbances  in  the  circulation,  those  of 
tissue  nutrition,  and  those  of  innervation  are  so  close,  that,  in  all  cases  of 
disease,  they  occur  simultaneously,  although,  of  course,  in  different  cases  one 
or  other  factor  becomes  more  prominent. 

If  these  correlations  are  regarded  from  the  standpoint  of  our  present 
knowledge,  it  follows  at  once  that  the  disturbances  of  innervation  will  be 
sufficiently  considered  along  with  the  disturbances  of  the  circulation  and 
nutrition.     Therefore,  only  these  last  two  subjects  will  be  specially  considered. 
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DISTURBANCES  OF  THE  CIRCULATION   OF  THE  BLOOD 


Preliminary  Observations 


The  energy  of  the  heart  propels  the  blood  along  a  closed  system  of  elastic 
tubes,  the  blood-vessels.  One  part  of  this  system,  the  arteries,  is  contractile, 
another  part,  the  capillaries,  has  extremelj'  permeable  walls. 

The  problem  of  the  circulation  of  the  blood  is  therefore  one  of  considerable 
complexity,  although  it  is  generally  st^tted  in  a  very  simplified  manner.  It 
is  usual  to  start  with  the  assumption,  which  is  tine  for  tubes  with  rigid  walls, 
that  it  is  a  matter  of  indifferouco  for  the  amount  of  work  that  the  heart  has  to 
do,  whether  a  given  circulation  lie  in  a  horizontal  or  in  a  vertical  plane,  and 
to  leave  the  action  of  gravity  quite  out  of  account.  The  heart  and  all  the 
vessels  are  supjx>sed  to  lie  in  one  and  the  same  horizontal  plane — an  assumption 
which  certiiinly  allows  the  action  of  gravity  to  be  neglected. 

In  order,  however,  to  obtain  a  correct  appreciation  of  the  disturbances  of 
circulation,  we  rau.st  examine  the  actual  conditions  somewhat  more  closely. 

If  we  suppose  the  heart  and  the  vessels  to  be  filled  with  blood,  and  the 
body  to  be  in  the  upright  position,  and  if  we  further  suppose  the  heart  to  be 
standing  still,  so  that  all  the  differences  of  pressure  due  to  its  action  are  re- 
moved, the  remaining  pressure  is  found  to  vary  greatly  in  the  different  vascular 
areas.  This  pressure  is  the  result  of  gravity.  It  is  the  so-called  hydrostatic 
pressure,  which  it  ia  more  convenient  for  our  present  purpose  to  term  hmmosiatic 
presmre. 

This  hjemoatatic  pressure  is  easily  estimated,  since  it  is  equal  in  all  sections 
of  vessels  which  lie  in  one  and  the  same  horizontal  plane  ;  for  sections  of 
vessels  at  different  levels,  on  the  other  hand,  it  varies  according  to  simple  laws. 
If  one  starts  from  a  horizontal  plane,  made  through  the  venous  ostium  of  the 
heart  {Fig.  163,  plane  B),  and  supposes  that  the  blood -pressure  in  all  the 
sections  of  the  vascular  system  in  this  horizontal  plane  =}),  the  pressure  of 
the  column  of  blood  in  tlie  vessels  of  the  sole  of  the  foot  will  be  greater  than  p 
by  the  amount  of  the  pressure  exerted  by  a  column  of  blood  of  the  height  BD. 
Let  this  height  BD  be  130  cm,,  and  suppose  that  mercury  is  specifically  thii*teen 
times  hciivier  than  blood,^  then  the  pressure  of  the  blood  in  the  vessels  of  the 

sole  of  the  foot,  in  the  horizontal  plane  D,  will  equal  /'  +  ,„  cm.  Hg,  =p  +  \0 

cm.  Hg.     The  pressure  within  the  stationary  blood -column  in  consequence  of 

'  Tlie  specitic  gravity  of  blocMl  h  ajtproxiniatelj-  1'050,  the  iipecific  weight  of  mercnry  is 
13*598.    Therefore  mercury  in  12'94  tiiiieH  heavier  tbaii  blood. 
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gravity — that  is,  of  the  weight  of  the  columia  of  blood  between  the  planes  B  and 
D — is  increased  by  10  cm.  Ug.  This  increase  of  10  cm.  Hg  is  the  measure  of 
the  htemostatic  pressure  in  the  plane  D  when  compared  with  the  plane  B. 

In  the  same  way  we  can  calculate  the  ha;mostatic  pressure  of  the  blood  in  a 
horizontal  plane  A^  supposed  to  be  drawn  through  the  top  of  the  head  of  the 
upright  body.     If  the  vertical  distance  is  f)2  cm.,  the  blood -pressure  in  the 

plane  A  =^  -  J-^  col  Hg,  =//  -  4  cm.  Hg. 


A 


Hiemofitatic 
Pretwuii;, 


Fio,  1»J3. 


jj  -  4  cm.  Hg. 


ft       cm.  Hg. 


P+&  cm,  Hg. 


jB>+10cm.  Hg. 


These  results  may  be  generally  stated  as  follows  :■ — 

Tlit  actum  of  gravity  jm^lvce.'i  in  the  mrmia  jHtrh  of  ihe  msrular  stjstrm  diffcrenat 
of  pre^^surCf  the  anumnt  of  which  dfju^mh  upon  the  different  of  Irvel. 

Thcsf  difff'rciu'^s  cf  pre^mrc  pndnced  In/  fp-aviti/  indicutf;  the  hceviostuiic in'e^sure. 

Tim  hfvmoatatir  p-i'^^urc  L<  thr  same  in  all  pirta  of  the  vasaUar  system  which  U^. 
at  the  sttme  Inrl. 

Tfui  difftrnirr  of  the  haiumtotlc,  pressure  in  two  diffaTnt  honz&ntul  plauca  drawn 
through  tht;  lai^adar  system^  ut  equivalerd  to  the  presmre  of  a  cohmm  of  hlmd^  tht 
height  of  which  w  eqmtl  to  the  vertical  dist<iiwe  between  the  two  horizontal  planes. 

Tliis  difference  in  j>r««a"w*Y,  jyrodwed  6y  the  height  of  a  Mlumn  of  hloal,  may  be 
calnikUed  in  tenns  of  mercury  if  the  height  of  the  column  of  hUml  he  diridcd  by  Die 
uuud>n' which  indivateA  the  rmhtJion  of  the  q^dfic  weight  of  inercvry  t^t  that  of  bhjod, 
IhLi  being  appnmnntfdy  thiiieen. 

This  general  result  holds  good  for  every  position  of  the  body,  but  the  up- 
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right  position  for  which  the  value  of  the  differences  of  pressure  has  just  been 
calculated  will  be  considered  first. 

The  hiemostatic  differences  of  pressure  also  hold  good,  even  when  the  action 
of  the  heart  produces  differences  of  pressure  between  its  arterial  and  venous 
orifices.  If  icc  U^rm  the  intrmsc  of  pressurtt  produced  by  tJie  action  of  the  fmart  in  thf. 
mrwus  /Jdrts  of  tJw.  tnsaihr  si/sietn  the  kcemodipiaTnk  p-essurt^  then  it  follows  Unit,  in 
each  ptirt  of  the  vascuUr  system,  the  tictiuil  yresmre  is  apiimUni  to^  tlie  sum  of  the 
hcFjiWsiiitic:  luul  fKemodynamic  presstir&s. 

If  we  suppose  the  action  of  the  heart  to  be  such  that  it  produces  in  the 
systemic  circulation  a  pressure  of  1 G  cm.  Hg  at  the  arterial  orifice,  there  must 
be  a  rise  of  pressure,  beginning  from  the  arterial  orifice  of  the  left  ventricle  and 
extending  with  a  gradual  fail  through  arteries,  capillaries,  and  veins  to  the 
venous  orifice  of  the  right  side  of  the  heart,  where  it  is  ultimately  reduced  to 
zero.  This  increase  of  pressure  sets  the  blood  in  motion.  It  is  a  measure  of 
the  height  of  the  hsemodynamic  pressure  at  each  point  in  the  circulation- 
It  would  occur  independently  of  the  hiemostatic  pressiu'e  if  the  whole  vascular 
system  were  spread  out  in  one  horizontal  plane.  Since  this  cannot  be  done, 
we  must  estimate  the  ha^mod)^lamic  pressure  by  subtracting  the  haemostatic 
pressure  corresponding  to  the  positiou  of  the  body  from  the  total  pressure 
actually  observed  at  the  given  part  of  the  vascular  system. 

When  this  is  done,  it  becomes  evident  that  the  fall  of  hacmodynamic 
pressure  is  not  equal  throughout.  If  the  luemodyTiamic  pressure  at  the  orifice 
of  the  aorta  is  equal  to  16  cm.  Hg,  it  will  amount  to  10  cm.  in  the  peripheral 
branches  of  the  arteries ;  in  the  veins  it  will  bo  very  small,  perliaps  equivalent 
to  2  cm.  Hg,  and  at  the  venous  orifice  of  the  right  heart  approximately  equal 
to  zero. 

These  figures  can  make  no  claim  to  universal  applicability,  because  the 
force  of  the  blood-current  varies  gi'eatly.  Still  they  may  serve  for  a  general 
explanation.  If  we  attempt  to  calculate  the  values  of  the  pressure  upon  the 
walls  of  the  vessels  from  the  given  amounts  of  the  luemostatic  and  hiemo- 
dynamic  pressure  in  the  upright  position  of  the  body,  the  scheme  in  Fig.  164 
will  serve  as  a  guide. 

In  this  scheme  the  haemostatic  preasure  in  the  plane  B  which  passes  through 
the  venous  orifices  of  the  heart — that  is,  the  pressure  p — is  considered  as  zero  in 
order  to  correspond  to  the  conditions  which  actually  exist,  and  to  the  statements 
made  above  as  to  the  action  of  the  heart. 

This  method  furnishes  values  for  the  lateral  pressure  of  the  blood  in  the 
vessels  which,  notwithstanding  their  importance,  have  received  almost  no  re- 
cognition. In  the  upright  position  of  the  body  the  lateral  pressure  of  the 
circulating  blood  is  very  high  in  the  vessels  of  the  lower  extremity,  and 
relatively  low  at  the  level  of  the  top  of  the  head  and  the  cerebrum.  This  fact 
is  of  the  utmost  importance  in  deahng  with  vascular  disturbances,  for  although, 
so  far  as  the  working  power  of  the  heart  is  concerned,  the  hfemodyimmic 
pressure  alone  comes  into  consideration,  the  whole  peripheral  circulation  depends 
on  the  fact  that  the  walls  of  the  vessels  have  to  meet  the  demands  of  the 
actually  existing  lateral  pressure  which  corresponds  to  the  sura  of  the  haemo- 
static and  hsemodynaraic  pressures. 

In  this  connection  it  may  be  noted  that  the  walls  of  the  arteries  and  veins 
of  the  lower  extremity  are  much  thicker,  and,  in  particular,  are  richer  in 
muscular  and  elastic  fibres  than  the  walls  of  the  vessels  of  the  neck  and  of  the 
head.  The  walla  of  the  jugular  veins  have  very  few  muscular  and  elastic 
fibres,  while  the  walk  of  the  veins  of  the  lower  extremities  are  almost  as  rich 
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blood  ]\  and  we  find  in  the  same  vessel  the  tension  of  the  wall  in  a  dii'ectioD 
parallel  to  the  long  axis — 

Longitudinal  tension  =  =^', 

i.e.  equal  to  one  half  of  the  product  of  the  radius  and  the  blood -pressure.  If 
then  the  radius  is  small,  the  tension  of  the  wall  in  a  circular  as  well  as  in  a 
longitudinal  direction  is  unimportant,  so  that  even  the  delicate  walls  of  the 
capillaries  themselves  are  able  to  support  it. 

The  question  now  arises,  in  what  way  does  the  blood-pressure  alter  in  the 
various  vascular  areas  when  the  body  leaves  its  upright  position  and  assumes 
a  horizontal  one?  As  already  mentioned,  the  general  laws  of  hii?mostatic 
pressure  bold  good  here  also. 

The  haemostatic  pressure,  however,  shows  now  no  great  difference  in  the 
various  vascular  areas.  All  the  vessels  are  placed,  when  the  body  lies  flat  on  a 
horizontal  surface,  in  horizontal  planes  which  do  not  show  any  very  great  difler- 
ences  of  level  (Fig.  165).  The  haemostatic  differences  of  pressure  appear  even 
here,  however,  both  in  the  pulmonary  and  systemic  circulations  in  many  severe 
disturbances  of  the  circulation ;  but  when  compared  with  the  height  of  the 
normal  pressure  in  the  aortic  system,  they  are  unimportant,  so  that  they  may 
be,  as  a  nde,  disregarded  in  the  nonual  ciiculation  without  serious  error.  In 
other  words,  for  the  horizontal  position  of  the  body,  the  pressure  in  all  the 
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vessels  is  approximately  equivalent  to  the  ha^modynamic  pressure.  In  this 
case  the  pressure  in  the  vessels  of  the  lower  extremity  is  considerably  less,  and 
that  of  the  vessels  of  the  head  somewhat  greater,  than  when  the  body  is  in 
the  upright  position. 

In  spite  of  this,  when  the  vascular  system  is  perfectly  healthy  no  con- 
siderable disturbance  of  circulation  follows  when  the  upright  and  horizontal 
positions  of  the  body  are  rapidJy  alternated. 

This  circumstance  can  only  be  explained  if  the  lumen  of  the  arteries  and  veins 
remains  fairly  constant  in  spite  of  the  considerable  alterations  of  the  pressure 
exerted  on  the  vessel  walls.  If  the  Itlood -vessels  consisted  of  dead  elastic 
material,  the  arteries  and  vpins  of  the  lower  extremities  would  become  narrowed 
on  the  assumption  of  the  horizontal  position,  since  the  lateral  pressure  in  them 
is  then  diminished.  In  the  siinie  way  the  arteries  and  veins  of  the  head  would 
of  necessity  dilat^^,  because  in  them  the  blood-pressure  increases.  It  is  in  this 
connection  that  tbe  effect  of  the  tonic  innervation  of  the  muscular  walls  of  the 
arteries  is  seen.  The  tone  of  the  muscles  of  the  vessels  alters  with  the  change 
of  position,  so  that  the  calibre  of  the  vessels  remains  almost  the  «anie  as  l>efore. 
It  is  only  very  exceptionally  that  healthy  young  individuals  feel  slight 
disturbances  on  lying  down  or  rising  rapidly,  and  these  disturbances  soon  pass 
by.  More  marked  symptoms  arise  in  healthy  individuals  only  when  the  feet 
are  raised  and  the  head  lowered.^ 

'  Even  these  disturtancoa  are  absent  in  falling  through  the  air  or  in  short  stay  uudtr  vvjitwr. 
The  action  of  lh«  hseinostatic  pressure  on  the  vessi;!  wally  disapj>ears  when  the  body,  au  a  whole,  la 
falling.  While  the  botly  is  under  water,  it  is  approximately  coQ)i)eu»at«d  for  by  the  (ircssttrc  of 
tli«  burroun»liiig  water. 


VASCULAR  TONUS 


2J3 


Persona  with  unhealthy  vessels,  on  the  other  hand,  are  taught  by  experience 
to  avoid  a  very  low  position  of  the  head. 

In  the  case  of  the  veins  this  reguktion  of  the  vascular  tonus  is  not  quite 
complete,  as  every  one  observes  when  he  compares  the  veins  of  the  back  of  his 
hand  when  the  arm  is  dependent  and  when  it  is  elevated.  In  one  respect  it 
ia  much  more  perfect  in  the  arteries.  Physiological  experiments  have  shoivn 
that  the  amonnt  of  blood  in  the  different  organs  varies  considerably — the  change 
depending  on  the  function  of  the  organ.  An  organ  during  full  activity 
generally  contains  considerably  more  blood  than  when  resting.  The  mechanism 
of  the  regulation  depends  here  on  the  tonic  innervation  of  the  vessel  wall 

A  detailed  consideration  of  this  regulating  mechanism  must  be  left  to 
physiology.  It  seemed  here  only  desirable  to  give,  in  brief  outline,  a  general 
picture  of  the  normal  relations  of  the  circulation,  so  that  the  mechanism  of  its 
disturbances  may  be  deduced  therefrom. 

The  disturbances  of  the  circulation  of  the  blood  may  be  divided  into  general 
and  local 

Among  the  general  circulat^ory  disturbances  are  undei-stood  such  as  affect 
all  or  the  majority  of  the  vascular  areas.  On  the  other  hand,  the  pure  forms 
of  local  circiilatory  disturbances  are  produced  by  various  injuries  whose  actions 
are  at  first  limited  to  individual  vascular  areas.  The  two  forms  never  occur 
absolutely  independently  of  each  other. 

Local  disturbances  in  all  cases  react  on  the  general  circidation,  although 
this  reaction  is  frequently  so  slight  that  it  cannot  bo  accurately  measured.  On 
the  other  hand,  general  circulatory  disturbances,  as  can  be  understood,  produce 
changes  in  individual  vascular  areas  which  may  be  considered  from  the  stand- 
point of  the  local  disturbance.  Local  and  general  circulatory  disttu*bances  form 
In  this  way  a  series  of  associated  phenomena  influencing  each  other  mutually, 
and  which  can  only  bo  separated  by  a  more  exact  analysis. 


A.  General  Circulatory  Disturbances 

The  gt'mml  didurhmtys  of  ilte  drcuUilion  jmjc^ed  either  from  distnrbiinrc  nf  the 
fundkm  of  the  Iicurf^  or  from  (jfuvml  di'^ea.sm  of  the  wcdls  of  the  vessels^  or  from  chauf/oi 
in  the  qwintittj  and  mni^Misititm  tf  the  hlinxi,  the  li/mph,  avd  the  circulating  tissue  juiees 
ffenrrnfjf/.  The  mutual  relations  between  the  heart,  the  vessels,  and  the 
circulating  tliud  are,  however,  so  intimate  that,  as  a  rule,  the  further  course  of 
the  disturbance  usually  involves  all  these  component  parts  of  the  circulatory 
apparatup. 

I.  G-eneraJ  Circulatory  Disturbances  due  to  Disease  of  the  Heart 

The  alterations  in  the  function  of  the  heart  which  give  rise  to  general 
circulator}^  disturbances  are  the  result  of  numerous  diseases  of  the  endocardium, 
myocardium,  and  pericardium,  which  are  due  to  internal  or  external  causes. 
Associated  with  these,  there  are  diseases  of  the  blood-vessels  and  the  nerves  of 
tlje  heart,  and  changes  in  position  of  the  entire  organ.  All  these  affections,  which 
will  1x^  carefidly  considered  in  the  special  part  of  tliis  text-book,  impair  the 
working  [mwcr  of  the  heart. 

The  heart-muscle  is  an  apparatus  which  transforms  the  chemical  energy 
brought  to  it  by  the  blood  into  heat  and  raecbanical  work  The  latter  is  mani- 
fested in  the  continuous  flow  of  the  blood,  and  is  used  up  by  the  frictional 
resistance  which  the  blood  experiences  in  the  vessels.     This  friction  finally 
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transforms  the  mecbaiiical  work  of  the  heart  into  heat,  so  that  the  heart  must 
be  regarded  as  one  of  the  moat  important  sources  of  heat  in  the  human  body. 

In  the  meantime,  however,  we  must  limit  our  investigation  of  the  heart  to 
the  examination  of  its  puwer  of  doing  mechanical  work^  the  pulmonary  and  the 
systemic  cirenhitions  both  being  taken  into  consideration.  This  is  no  easy 
matter,  since  the  individual  factors  undergo  manifold  changes,  especially  when 
pathological  lesions  are  present.  It  is  possible,  however,  to  state,  in  the  first 
place,  a  simple,  general  law  which  is  a  great  help  to  a  correct  estimation  of  the 
pathological  disturbances.  The  law  is  as  follows  : — JaJh  can  imly  l)e  maintained 
for  <(M/  Itntjth  of  timf  if  the  riffht  and  Ih/:  kft  Imtrt  and  also  each  one  of  its  four 
rharnbers  iransmit  fqiutl  mlum*'!!  of  hlwil  in  a  (pi^ni  time. 

Iti  applying  this  law,  it  will,  of  course,  be  remembered  that  only  the  volume 
of  blood  directly  necessary  for  the  circulation  and  propelled  by  the  heart  is 
spoken  of.  In  rupture  of  the  aortic  valves,  for  instance,  part  of  the  blood  from 
the  aorta  passes  back  into  the  left  \'entricle  during  its  diastole.  This  regur- 
gitated blood  must  be  deducted  from  the  quantity  of  blood  thrown  into  the 
aorta  during  the  systole  of  the  left  ventricle  when  the  above  law  is  applied. 
Small  corrections,  also,  must  be  mudo  for  the  lymph  which  escapes  from  the 
capillaries  of  the  lungs,  and  other  similar  losses  which  somewhat  diminish 
the  quantity  of  blood  brought  to  the  left  heart. 

Exception  has  frequently  been  taken  to  this  law,  although  it  is  perfectly 
evident  that,  if  the  right  ventricle  sent  on  even  one  single  additional  cubic 
centimetre  of  blood  at  each  systole,  for  any  length  of  time,  the  whole  of  the 
blood  must  accumulate  in  the  pulmonary  circulation  within  a  few  hours.  The 
increase  iu  the  amount  of  blood  sent  on  by  the  right  ventricle  would  amount  to 
75  ccra.  in  one  minute,  75  pulse  beats  being  reckoned  to  the  minute,  and  in 
two  hours  would  amount  to  no  less  than  9  litres.  Long  before  this,  death 
would  have  taken  place  from  want  of  blood  in  tiie  systemic  circulation. 

Tfundcnf  inrquaUfirs  in  flw  ijiuuitifi/  of  hhtt^l  acnt  on  hy  thr  difffrait  chimhers  of 
the  heart  art  iwt  infnqufnt,  hmtrer.  In  this  case,  large  quantities  of  blood 
accumulate  in  diflercnt  parts  of  the  vascular  sj'stera — in  the  pulmonary  vessels 
when  the  left  heart  is  ineflicient,  and  in  the  systemic  circulation  when  the  right 
heart  is  inefficient.  After  a  short  time,  however,  if  death  is  to  be  avoided,  the 
ef|uilibriuni  of  the  stream  must  be  restored,  so  that  the  different  chambers  of 
the  heart  may  again  transmit  equal  volumes  of  Ijlood  in  equal  spaces  of  time. 
The  abnormal  distribution  of  the  blood  thus  remains,  btit  the  amount  of  blood 
entering  and  leaving  the  four  divisions  of  the  heart  again  becomes  equal. 
Sooner  or  later  compensation  may  be  brought  about  by  a  temporary  reversal  of 
the  previous  inequality  in  the  action  of  the  two  sides  of  the  heart. 

Such  disturbances  are  very  striking  if,  for  example,  the  segments  of  the 
mitnil  valves  are  defective.  .The  action  of  tbo  left  auricle  and  of  the  left 
%'entricle  is  impaired.  If,  for  a  short  lime,  these  parts  of  the  heart  send  on  less 
bloofl,  the  systemic  circulation  is  badly  8Ui>plied  and  the  pulmonary  circulation 
is  congested.  This  condition  becomes  permanent  if  the  defect  in  the  valves  is 
not  repaired.  Increased  action  of  the  left  ventricle  and  auricle,  as  well  as  of 
the  right  ventricle,  very  soon  compensates  for  the  disturbance,  in  so  far  that 
the  equilibrium  of  the  biood-cun*enfc  is  again  established.  The  details  of  this 
increased  function  will  afterwards  l>e  dealt  with.  The  quantit)"-  of  blood 
passed  from  the  right  heart  into  the  pulmonary  artery  and  from  the  left  heart 
into  the  aorta  again  becomes  equal,  while  the  congestion  of  the  pulmonary 
circulation  persists. 

The  working  power  of  the  heart  must  be  clearly  distinguished  from  the 
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quantity  of  blood  (measured  by  its  weight  and  volume)  which  it  propels.  This 
working  power  is  made  up  of  the  working  power  of  the  right  «ind  left  halves 
of  the  heart.  That  of  the  right  half  of  the  lieart,  A*",  is  equal  to  the  weight,  //, 
of  the  quantity  of  blood  sent  oHi  multiplied  by  the  height,  (/,  of  the  difference 
of  pressure  produced  by  the  right  heart  between  its  arterial  and  venous 
openings  {i,€.  between  the  openings  of  the  venfe  cavie  and  pulmonary  artery). 

In  the  same  way,  the  working  power,  A',  of  the  left  half  of  the  heart  is  equal 

to  the  product  of  the  weight,  G,  of  the  quautity  of  blood  sent  on  and   the 

height,  I),  of  the  difference  in  pressure  between  the  arterial  and  venous  openings 

in  the  left  half  of  the  heart.  . ,     ,,_. 

A*  =  VxD. 

The  working  power,  A*,  by  the  whole  heart  is  therefore  equal  to  the  sum  of 
the  working  po%vers  of  its  halves. 

A'  =  A''+A^  =  .7r/-HGD. 

When  it  is  remembered  that,  as  a  rule,  the  volume  and  therefore  also  the  weight 
of  the  quantity  of  blood  sent  on  by  the  right  and  left  heart  are  equal,  and  if 
we  disregard  the  transitory  disturbances  already  mentioned,  in  most  cases 

"-)  that  in  those  cases  also  ^' 

A'=/7(ti  +  D). 

The  working  power  of  the  vrhole  heart,  therefore,  if  an  equilibrium  of  the 
blood-stream  be  presupposed,  is  equal  to  the  weight  of  the  amount  of  blood,  v» 
passed  through  one  of  the  openings  of  the  heart  within  the  unit  of  time, 
multiplied  by  the  sum  of  the  ditferences  of  pressure  produced  by  the  right  and 
the  left  halves  of  the  heart,  d  and  D. 

These  results  show  that  it  is  not  sufficient,  in  estimating  the  working  power 
of  the  heart,  t-o  know  the  weight  (or  the  volume,  which  can  easily  be  converted 
into  the  weight)  of  the  blood  transmitted  ;  but  the  pressure  of  the  blood  at 
the  four  openings  must  also  be  known  and  taken  into  account.  For  many 
pmposes,  the  approximate  values  gained  by  comparative  estimation  in  antmaU 
and  by  many  indirect  methods  of  measurement  may  suffice.  Accurate  deter- 
minations of  the  amount  of  the  blood -pressure  in  man  are  not  yet  available 
in  sufficient  number.  We  must,  therefore,  draw  some  general  conclusions  from 
experiments  on  animals  which  we  may  perhaps  be  warranted  in  transferring 
to  the  human  cii'culation. 

In  the  first  place,  these  deal  with  tbe  (tdapt4iMih/  of  the  va-^ruiar  fiydcm  to 
vanjincf  <ptmdUirs  of  hlrxid — a  property  which  deserves  more  careful  consideration 
in  pathology  than  hjis  hitherto  been  given  to  it.  Worm  Miiller  and  Lesser 
have  shown,  under  the  superintendence  of  C.  Ludwig,  that  the  jnr.ffurre  in  ihe 
aortii'  at/sU'tn  uiulmjoif;  no  <jrent  cJuiiuff,  even  ivfun  ih^r/'  ?>•  ronsiiJ^ralk  iTwrca^s^  or 
diminuthn  itt  ifw  tpHnditij  nf  bhMxl  in  the  rirnthdiwi.  This  phenomenon,  which  is 
due  chiefly  to  a  corresponding  regulation  of  the  tone  of  the  vessel,  has,  of 
course,  its  limits,  but  these  are  very  wide.  On  the  strength  of  those  experi- 
ments, it  may  be  assumed  that  fJie  hltnul  - prcjt.<ure  in  thr  aoiia  doe^  not  sh/rw 
permanent  li^e  or  fOl  vidil  ffir  narmnl  volume  of  tjn:  MiumI  in  (he  rirnilatiim  is 
ifiareaM'd  or  diminished  htf  ouff-third  or  our -half. 

If  it  were  pemiissible  to  apply  these  facts  directly  to  man,  in  whom  the 
total  quantity  of  blood  is  about  9  per  cent  of  the  weight  of  the  body,  the 
total  quantity  of  blood  would  have  to  be  changed  by  an  amount  equal  to  2-4 
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per  cent  of  the  weight  of  the  body  before  the  aortic  pressure  rose  or  fell. 
Such  an  exact  arithmetical  application  of  the  result  of  experiments  on  animals 
to  human  pathology  is,  of  com*so,  a  priori,  not  permissible.  The  results, 
however,  of  profuse  hcemorrhages  prove  that  in  man  also  the  same  relations 
exist,  and  that  the  same  percentages  are  approximately  correct. 

Pathologists  have  approached  this  question  from  another  side,  as  will  have 
to  be  discussed  io  the  consideration  of  dropsy.  Dembowski  especially,  working 
under  my  direction,  has  shown  that,  as  the  volume  of  the  circulating  fluid 
increases,  the  veins  become  relatively  more  quickly  filled  and  the  pressure 
within  them  somewhat  higher.  This  fact  shows  that  an  increase  in  the  amount 
of  the  blood  in  actual  circulation,  in  spite  of  the  fact  that  the  aortic  pressure 
is  kept  fairly  constant,  produces  a  pathological  condition  of  the  circulation. 
Clinicftl  observations  show  that  diminution  of  the  volume  of  the  circulating 
blood  also  produces  a  morbid  disturbance  of  the  circulation,  and  is  followed, 
in  process  of  time,  by  a  serious  reduction  of  the  working  power  of  the  heart. 
This  will  be  more  fully  discussed  later.  For  our  present  purpose^  the  general 
results  which  have  been  obtained  with  regard  to  the  blood-pressure  and  the 
vokinio  of  blood  transmitted  by  the  heart  are  sufficient  to  enable  us  to  estimate 
the  general  disturbances  of  the  circulation  which  depend  upon  the  heart. 
These,  as  already  mentioned,  are  caused  by  the  manifold  diseases  of  the  various 
anatomical  and  histological  elements  of  which  the  heart  is  composed.  These 
lesions,  however,  agree  in  their  action  in  this  respect,  that  they  more  or  less 
diminish  the  working  power  of  the  heart,  and  therefore  make  it  incapable  of 
performing  its  function  properly. 

It  can  be  understood  that  there  are  many  degrees  of  disturbances  which 
pass  without  sharp  limit  into  one  another,  but  which  may,  however,  be  divided 
into  three  main  forms  : — 

(1)  The  heart  may  have  its  activity  so  completely  reduced  that  death  is  the 
immediate  consequence  (eompletr.  iiufiij^mencij  nf  thr  hunt). 

(2)  The  activity  of  the  heart  may  be  reduced  to  such  a  degree  that  the 
action  of  gravity — that  is,  the  haemostatic  pressure  independent  of  the  work  of 
the  heart — exceeds  the  iijemodynamic  pressure  and  causes  gravitation  of  the 
blood  into  the  dependent  parts  of  the  body  {hifjiOsUif^L^). 

(3)  In  a  third  series  of  cases  the  activity  of  the  heart  is  loss  reduced,  so 
that  the  phenomena  of  hypostasis  are  wanting,  but  over-distension,  engorgement 
of  veins — tjinnal  vi'futtt.'<  hijpt'ntiuia  or  (fen*rral  rmom  engorgrment — is  produced. 


1.  Complete  iMufBciency  of  the  Heart 

It  is  found  in  many  cases  that  long -continued  impairment  of  the  heart's 
action,  resulting  in  venous  hyperemia  or  hypostasis,  makes  the  heart  so 
incapable  of  performing  its  function  tiiat  the  circulation  ceases  and  death 
takes  place.  Wc  may  then  sjiLiak  of  a  «lowly  or  ckrouimUij  developed  complrir 
in^vjlfii'k'nrij  <,f  the  hmii,  which,  however,  can  only  exist  for  a  very  short  time, 
because  a  series  of  vital  organs,  the  brain  esfjecially,  becomes  speedily  inactive 
if  insufficiently  supplied  with  blood. 

In  other  cases  a  complete  insufficiency  of  the  heart  develops  without 
warning,  or  vrithout  striking  an  unequivocal  warning;  this  is  acutf  compkte 
insujftru'nq/  of  ifir  h*^^(iL  It  hius  been  fi-equently  observed  that  apparently 
healthy  men  clie  .suddenly  and  unexpectedly.  Po.^i-nwrtem  examination  shows, 
as  a  rule,  a  number  of  changes  wliich  cx[>lain  the  cause  of  death.  Sometimes 
there  is  such  a  high  degree  of  disturbance  of  the  mechanism  of  the  heart,  a 
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rupture  of  the  left  ventricle,  for  example,  that  one  is  justified  in  attributing 
the  immediate  cause  of  death  to  this  sudden  disturbance. 

But  Bometimca  in  such  sudden  deaths  nothing  more  than  a  Boniewhat 
excessive  distensioh  of  the  veins  with  blood  can  be  demonstrated.  In  this 
cftse  there  may  occasionally  be  found  such  conditions  as  diseases  of  the  coronary 
arteries  of  the  heart,  or  cloudy  swelJiiig  of  the  myocardium,  and  transverse 
fissuring  of  the  muscular  fibres  of  the  heart  (von  Kecklinghauaen),  In  siome 
cases  the  sudden  death  ia  preceded  by  the  occurrence  at  long  intervals  of 
severe  attacks  of  angina  and  dyspnu^a,  which  sometimes  indicate  that  the 
innervation  of  the  heart  is  also  aflecled. 

If,  after  death,  no  striking  abnormalities  of  the  distribution  of  the  blood 
can  be  seen  by  the  naked  eye,  hut  ouly  a  somewhat  greater  distension  of  the 
veins  of  the  systemic  and  pulmonary  circulation,  we  are  justified,  in  cases  of 
insufhciency  of  the  heart,  in  concluding  that  this  insufficiency  develops  equally 
in  both  sides  of  the  heart.  A  greater  distension  of  the  veins  of  the  systemic 
and  pulmonary  circulation  is,  however,  only  a  result  of  the  fact  that,  after  the 
heart  ceases  to  act,  the  pressure  in  the  arteries  and  veins  becomes  ei^ualised  by 
the  passage  through  the  capillaries  into  the  veins  of  a  part  of  the  contents  of 
the  more  tense  arteries.  This  distends  the  veins,  which  cannot  send  on  any 
appreciable  quantity  of  blood  to  the  heart  We  must  not,  therefore,  suppose 
that  there  is  any  inequality  in  the  degree  of  the  affection  of  the  right  and  left 
heart.     The  insufficiency  afiects  both  sides  of  the  heart  in  an  equal  degree. 

The  conditions  are  not  always  so  simple,  however.  In  the  death  agony  it 
appears,  both  in  chronic  and  in  acute  insufficiency  of  the  heart,  that  inequalities 
in  the  distension  of  the  systemic  and  of  the  pulmonary  circulation  arise  which 
can  also  be  demonstrated  anatomically.  It  is  hardly  justifiable  in  such 
occurrences  to  draw  genera!  conclusions  as  to  the  amount  of  the  blood- 
pressure  which  was  present  in  the  various  vessels  before  death.  Certainly 
such  conclusions  have  been  frequently  attempted,  but  they  have  only  led  to 
differences  of  opinion  which  as  yet  cannot  be  hannonised.  It  seems  much 
more  to  the  purpose,  therefore,  to  rely  upon  the  conclusions  already  obtained, 
and  to  hold  that^  in  such  conditions,  a  distension  of  the  pulmonary  circulation 
shows  that  the  left  heart  transmitted  a  smaller  quantity  of  blood  than  the 
right  heart ;  while,  in  like  manner,  a  distension  of  the  systemic  circulation 
shows  that  the  propelling  power  of  the  right  ventricle  is  relatively  reduced. 

This  result  is  quite  cert;un  and  generally  applicable,  but  the  inequalities  of 
the  projielling  power  of  the  two  halves  of  the  heart  may  arise  in  various  ways 
in  individual  cases.  It  may  be  because  the  functional  activity  of  one  half  of 
the  heart  is  absolutely  reduced ;  it  may  be  that  the  resistance  which  the 
peripheral  branches  of  the  vessel  offer  to  the  blood -stream  becomes  altered 
and  induces  relative  insufficiency  in  the  various  parts  of  the  heart. 


S.  Hypostasis  in  the  Dead  and  in  the  Livijjg 

UyposULm  occurs  both  during  life  and  after  death.  For  pathologists  it  is 
important,  therefore,  to  recognise  the  appearance  oi  jH»nt- modem  hypostasis. 

(1)  After  death  the  power  of  the  heart  ceases,  and  the  tone  of  the  vessels 
difiapf>ears.  Firstly,  the  differences  of  pressure  between  the  arteries  and  veins 
become  equalised,  because  the  arteries,  which  were  previously  distended  by  the 
blood-pressure,  become  contracted  by  virtue  of  their  elasticity.  If  the  whole 
mass  of  the  blood  were  now  to  coagulate,  all  further  change  in  the  distribution 
of  the  blood  wotdd  cease ;  but,  as  a  rule,  the  blood  in  the  capillaries  coagulates 


POST-AfORTEM  HYPOSTASIS 


extremely  slowl}'.  It  remains  tUikl  many  iioors  after  death ;  and  even  in  the 
larger  vessels  coagulation  of  the  blootl  is  delayed,  sometimes  for  an  extremely 
long  time.  The  opportunity  is  therefore  given  for  the  fluid  blood  in  the 
vessels  to  obey  the  influence  of  gravity  and  to  accumulate  in  those  parts  of  the 
body  which,  in  any  given  position  of  the  cadaver,  are  the  most  dependent, 
while  the  higher  parts  of  the  body  become  relatively  depleted  of  blood. 

The  removal  of  the  tonic  innervation  of  the  walls  of  the  vessels  is  of  great 
importance  for  this  movement  of  the  blood  toward  the  dei>emlent  parts  of  the 
l>ody.  So  Boon  as  the  tonic  contraction  of  the  muscular  walls  of  the  vessels 
disappears,  the  haemostatic  pressure,  caused  exclusively  by  the  weight  of  the 
blood,  dilates  the  smaller  arteries  and  veins  in  the  dependent  parts.  The  blood 
gravitates  into  tliem  from  the  higher  parts,  and  greatly  distends  the  capillaries 
with  red  blood  corpuscles.  It  is  not  known  whether  the  elasticity  of  the  wall 
of  the  capillaries  changes  after  death,  but  their  permeability  increases  when 
decomposition  begins,  if  not  sooner.  In  the  dependent  parts  of  the  body,  for 
this  reason,  the  haemostatic  pressure,  which  alone  can  act  in  the  cadaver, 
drives  the  f!uid  part  of  the  blood  through  the  capillary  wall  into  the  tissues. 
Tlie  blood  corjMiacles  remain  in  the  capillaries  as  in  a  filter,  New  supplies  of 
blood  follow  from  higher  levels  and  can  repeat  the  same  })roces8,  but  the 
capillaries  are  so  compactly  flUed  with  red  blood  corpuscles  that  there  is 
only  room  within  them  for  extremely  minute  quantities  of  plasma. 

The  capillaries  now  contain  an  excessive  number  of  red  corpuscles.  In 
consecjuence  of  this  the  coiresponding  parts  of  the  body  appear,  even  to  the 
naked  eye,  of  a  dark  purple  colour,  while  the  blood  ])lasma  which  transudes 
from  the  capillaries  greatly  increases  the  amount  of  fluid  in  the  tissues.  The 
bluish  tint  in  the  red  colour  of  the  dependent  parts  of  the  body  de|iend8  partly 
upon  the  transparency  of  the  tissue,  especially  the  skin,  but  is  mainly 
determined  by  the  amount  of  carbonic  acid  present  and  the  absence  of  oxygen. 
After  death  the  tissues  absorb  the.  oxygen  which  is  combined  with  the 
hsemoglobin  of  the  blood.  The  blood  becomes  dark  and  shows  greater 
dichroism.  It  is  only  in  the  cadaver  of  persons  who  have  inhaled  large 
amounts  of  carbonic  oxid«  (coal  gas  or  charcoal  fumes)  that  bright  red  spots 
are  found  on  the  dependent  parts,  in  consequence  of  the  combination  of 
carbonic  oxide  with  hivmoglobin. 

In  jHid-uwrkm  byi)osta.sis  in  the  region  of  the  systemic  circulation  accordingly, 
a  dark  purple  colour  and  some  fjedema  of  the  skin  are  found  in  the  parts  of  the 
body  which  are  most  dependent,  "WTien  the  cadaver  lies  in  the  horizontal 
position  on  its  back,  these  red  li\ad  spots  appear  principally  in  the  .skin  of  the 
back  and  nates,  but  those  parts  of  the  skin  over  the  bony  projections  on  which 
the  weight  of  the  body  rests  are  completely  free  from  lividity.  The  weight  of 
the  cadaver  compresses  the  capillaries  and  the  connective  tissue  spaces,  and 
tixpcls  the  blood  and  the  lymph  from  them  into  neighbouring  parts,  which  are 
not  exposed  to  pressure.  White  spots  and  streaks  therefore  appear  uj^on  the 
dark  purple  areas  of  the  skin  of  the  dependent  parts  of  the  binly,  at  those 
places  which  correspond  to  the  bony  prominences  that  bear  the  weight  of  the 
body,  such  as  the  spines  of  the  scapulas,  the  os  innominatura,  and,  according  to 
the  position  of  the  cadaver,  in  other  places  also.  In  the  same  manner  within 
the  pulmonary  circulation,  pod-tnorteAn  hypostasis  produces  dark,  purple,  highly 
engorged  and  somewliat  i»?dematou8  areas  in  the  most  dependent  parts  of  the 
lungs. 

(2)  During  life  also,  gravitation  hypenemia  or  hypostasis  ma}'^  develop  in  the 
more  dependent  parts,  while  at  the  same  time  the  amount  of  blood  in  the 
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higher  j^arts  diminislica.     This  is  in  all  cases  to  be  ascribed  to  a  considerable 
diminution  of  the  arterial  blood  pressure. 

A  great  and  permanent  fall  in  the  arterial  blood  pressure  involves,  under 
all  circumstancesy  a  severe  disturbance.  It  develops  under  two  conditions 
which,  at  first  sight,  appear  very  different  from  each  other. 

(tr)  Either  the  amount  of  blood  proiJt-lled  by  the  heart  is  so  smalt  that, 
although  life  is  not  immediately  threatened,  yet  the  tone  of  the  wall 
of  the  vessel  and  the  vaso-motor  nei*ves  are  not  able  to  accommodate 
the   vascular  system  to  the  diminished  amount  of  blood  ;  this  is  severe 
absolute  insufficiency  of  the  heart, 
(i)  Or  paralysis  of  the  vaso-motor  nerves  may  so  dilate  the  vessels  that  the 
heart,  id  though  acting  forcibly,  is  no  longer  al>le  to  raise  the  pressure 
within  thom  to  normat.     The  heart  is  relatively  insufficient  to  cope  with 
the  ditficuJty  produced  by  the  vaso-raotor  paralysis.     Such  conditions 
can  be  easily  induced  exjrerimeutally  in  animals,  if  tiie  cervical  part 
of  the  si>inal  cord,  and  also  the  vagus   and  sympathetic   nerves  arc 
divided  in  the  neck  and  artificial  respiration  induced. 
The  tone  of  the  wall  of  the  vessel  and  the  blood  propelled  by  the  heart, 
however,  influence  only  the  ha^modynamic  pressure.     In  hypostasis  accordingly, 
the  diminution  of  pressure  is  to  be  looked  upon  exclusively  as  a  consequence 
of  the  diminution  of  hreraodynamic  pressure  which  is  specially  prominent  in 
the  arteries.     With  regard  to  the  pressure  in  the  veins,  no  decisive  opinion  can 
be  exijresscd.     Since  the  vascular  tone  has  been  diminished,  it  is  prolmble  that 
the   reduction  of   the    hn:«modynamic    pressure    is   continued    into   the   veins. 
Great  increase  of    the  amount  of    blood   (or  of    fluids  injected  into  and  cir- 
culatinji  in  the  vessels)  is,  however,  able  to  raise  the  pressure  in  the  veins,  and 
therefore  to  conceal  the  fail  of  ha^modynamic  i)ressure.     On  the  other  hand,  it 
is  quite  certain  that  the  htemostatic  pressure  which  is  induced  exclusively  by 
the  action  of  gravity,  remains  unaltered  in  any  part  of  the  vascular  system  for 
a  given  position  of  the  body.     The  scheme  in  Fig,  1G6  shows  how  such  alter- 
ations of  pressure  behave  in  the  upright  position  of  the  body. 

This  scheme  shows  that  when  the  ha^modynamic  pressure  is  reducetl,  the 
influence  of  the  ha'moatatic  pressui'e  becomes  more  apparent,  and  the  differences 
of  the  total  pressure  exerted  upon  the  wails  of  the  arteries  at  various  levels 
become  more  prominent.  These  differences  will  be  most  easily  appreciated  if 
the  ratios  of  the  total  pressures  of  the  various  parts  of  the  body  he  compared. 
According  to  the  data  on  which  the  scheme  is  Imsed,  which  are  at  least 
approximately  correct,  the  pressure  in  the  arteries  of  the  lower  extremity,  in 
tlie  normal  condition,  amounts  to  about  three  times  the  i>ressure  of  the  aiteries 
at  the  top  of  the  head,  the  ratio  being  20  :  6.  The  fall  of  the  aortic  pressure, 
on  the  other  hand,  causes  the  arterial  blood  pressure  in  the  feet  to  be  fifteen 
times  greater  than  that  at  the  top  of  the  bead,  the  ratio  Ix^ing  15:1.  It 
cannot  appear  remarkable  that  such  an  abnormal  distribution  of  pressure 
should  produce  serious  disturbances. 

It  may  bo  specially  mentioned  that,  in  consequence  of  this  abnormal  distri- 
bution of  the  blood-pressure,  it  is  impossible  for  the  patient  to  assume  or  to 
maintain  the  upright  position  without  bringing  on  alarming  symptoms  of 
cerebral  anieraia,  viz.  fainting,  loss  of  consciousness,  and  vomiting,  which  pass 
on  to  muscular  spasms,  convulsions,  and  other  nervous  disturbances,  and  prove 
rapidly  fatal.  In  particular,  the  prolongation  and  deepening  of  the  respiration 
which  immediately  precede  death  are  very  characteristic.  The  slight  amount 
of  preBSure  in  the  arteries  of  the  head  is  insullicient,  when  the  body  is  upright. 
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exception  of  those  parts  of  the  skin  which  cover  the  bony  prominences  on 
which  the  weight  of  the  body  is  supported. 

It  is,  however^  clear  that  the  great  reduction  of  hainiodynamic  pressure  will 
cause  a  !ilomntj  of  the  wfutle  circHktkm  of  th^  bl>ml  Thie  is  manifested  not  only 
by  the  iff  net  at  nKtsrulur  wwkiicts,  but  also  by  the  hmrr  temptrature  of  the  skin^  for, 
although  the  skin  can  produce  a  small  amount  of  heat,  the  greater  part  of  its 
heat  is  brought  to  it  by  the  wanu  blood-stream  from  the  waim  interior  of  the 
body.  If  this  stream  is  slowed,  the  temperature  of  the  skin  is  much  reduced, 
owing  to  the  unavoidable  loss  of  heat,  since  the  slowed  blood-stream  no  longer 
warms  it  sufficiently. 

Further,  it  is  observed  that  the  skin  on  the  highest  parts  of  the  body  is 
speciaOy  reduced  in  temperatui'e,  and  at  the  same  time  loses  its  fulness — that 
is,  it  diminishes  somewhat  in  volume.  Manifestly  in  the  higher  parts  of  the 
body  no  considerable  hindrance  is  ottered  to  escape  of  the  fluids  from  the  tissues 
into  the  lymphatics,  since  the  pressure  in  the  veins  of  the  neck  into  which  the 
lymph  passes  has  been  reduced.  On  the  other  hand,  the  reduction  of  the  blood- 
pressure  in  the  highest  parts  of  the  bod3\  which  may  Ije  considerable>  involves  :i 
diminution  in  the  transudation  of  fluids  from  the  blood  into  the  tissues.  The 
connective  tissue  spaces  are  less  fully  supplied  and  accordingly  collapse.  The 
capiUarios  become  somewhat  narrower,  also,  presumably  in  consequence  of  the 
diminution  of  the  blood -pressure,  since  the  capillary  walls  probably  possess 
some  degree  of  elasticity.  This  is  a  new  factor  which  helps  to  explain  the 
tUminution  of  the  fulness  and  also  the  pallor  of  the  most  elevated  parts. 
Lastly,  there  freiiuently  appears  in  the  highest  parts  of  the  body,  especially  on 
the  nose  and  chin,  in  addition  to  the  pallor,  a  faint  livid  colour,  which  suggests 
that  a  slight  accumulation  of  carbonic  acid  develops  in  the  circulating  blood  in 
the  areas  of  skin  stretched  over  prominent  parts.  Here  the  tension  of  the 
skin  on  the  projecting  bony  and  cartilaginous  prominences  may  cause  a 
relatively  greater  narrowing  of  the  capillaries,  which  k-ads  to  a  greater  retarda- 
tion of  the  bluod-stream  and  an  accumulation  of  carbonic  acid  in  the  blood. 

These  are  the  elements  which,  when  moderately  marked,  compose  one  of 
the  characteristic  indications  of  severe  hypostasis  and  approaching  deatbj 
namely,  the  facm  Hippocraika.  The  relaxation  of  the  muscles  and  the  reduction 
of  the  turgesceuce  of  the  tissues  lead  to  a  sinking-in  of  the  temples,'  of  the 
cheeks,  and  of  the  ahi?  nasi.  The  outlines  of  the  zygoma  and  the  jaws  stand 
out  more  sharply.  Nose  and  chin  appeal*,  in  consequence  of  the  disappearance 
of  the  turgesceuce  of  the  tissue,  more  pointed,  sharper,  and  longer,  the  lips  are 
dr)',  the  face  pale  or  somewhat  livid,  cold  to  the  touch,  and,  immediately 
Ijefore  death,  a  cold  clammy  sweat  (the  explanation  of  which,  however,  is  still 
uncertain)  is  not  infrequently  secreted. 

In  hypostasis,  while  the  higher  parts  of  the  body  »hfm  especially  tfie.  phenomeiui 
uf  anmmiay  on  the  other  hand,  in  the  drjKndent  parts  fhtre  are  m/ns  of  engorgement 
tvilh  blood.  The  j^tlc  colmtr  of  the  nifaiwms  surface  of  the  dvptmhrnt  parls  of  the 
hodii  sh&wSf  however,  that  this  engorgement  is  less  marked  in  the  capillaries, 
which  are  somewhat  nan^owed  in  consequence  of  the  removal  of  blood-pressure, 
than  in  the  veins.  The  capillary  walls  are  apparently  perfectly  nornial,  and 
are  fully  adapted  to  the  diminished  blood- pressure.  On  the  other  hand,  in 
healthy  people  the  walls  of  the  veins  offer  comparatively  slight  resistance  to  passive 
stretching.  Even  if  their  tonic  innervation  is  unimijaired,  the  diminution  of 
muscular  movement  produced  by  the  general  bodily  weakness  must  cause 
accumulation  of  blood  in  the  veins  of  the  deeply-situated  parts  of  the  skin,  for 
l>assive  and  active  movements  of   the  voluntary  muscles  are  very  important 
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factors  in  driving  the  blood  along  the  veins,  as  can  be  seen  during  every 
venesection. 

The  same  is  tnie,  a«  the  experiments  of  Emminghaus  show,  for  the 
movement  of  the  lymph.  The  accumulation  of  the  lymph  in  the  radicles  of 
the  IjTnph-vessela  and  in  the  spaces  of  the  tissues  necessarily  produces  a  greattv 
amount  of  fluid  in  thr  iU^vgs  of  the  dependent  part  of  the  body,  even  in- 
dependently of  any  increase  of  the  transudation  from  the  capillaries  into  the 
tissues.  It  is,  ho\vever,  of  special  practical  importance  that  the  reduction  of 
blood- pressure  produces  local  disturbances  of  the  circulation  in  all  those  parts 
of  the  skin  which  are  specially  exposed  to  the  pressure  of  the  weight  of  the 
body.  If  patients  who  show  signs  of  hj^jostasis  are  turned  round  in  bed, 
there  is  at  first  nothing  to  he  seen  on  the  skin,  hnt  immediately  afterwards 
peculiar  red  spots  apjtear,  especially  over  those  liony  prominences  which  were 
previously  the  seat  of  pressure.  These  correspond  to  the  parts  of  the  skin 
which  were  previously  most  pressed  upon.  In  these  areas  the  pressure  of  the 
weight  of  the  body  had  compressed  the  capillaries  and  emptied  them.  When 
the  pressure  is  removed  these  capillaries  become  over-distended  with  blood,  as 
generally  occurs  in  any  local  depletion  when  the  cause  of  the  depletion  is 
removed.  These  red  spots  are  as  a  rule  unfavourable  signs,  since  the  tissues 
die  if  they  have  been  depriveil  of  blood  for  any  length  of  time  ;  and  a  prsmrc- 
fjmifp-em  (tfrnthiiu.'i^  bed  -  sore)  is  formed  which  threatens  life  by  septic 
poisoning  and  pyjemia.  It  is  the  duty  of  the  physician  to  assist  his  patient  by 
taking  proper  means  in  such  cases  to  prevent  any  part  of  the  skin  from  being 
completely  dei)rived  of  blood  for  long  periods. 

In  the  region  of  the  pulnronary  circulation,  also,  similar  inequalities  in  the 
distribution  of  the  blood,  and  especially  over-distension  of  the  vessels  of  the 
lower  margins  of  the  lung,  arise  in  cases  where  the  heart  is  seriously  weakened, 
hij}H>static  (jmgedkm  of  (}m  lungs.  These  not  infrequently  pass  on  to  &  more 
serious  condition,  A/z/ww/ff^/V/wei/mw id,  which  will  he  considered  in  the  special 
part  of  this  work,  since  it  is  very  frequently  associated  with  septic  infections. 


3.  General  Venoas  Coageatioa 

General  venous  congestion  is,  like  hj^iostasis,  a  result  of  the  disturbance  of 
the  function  of  the  heart,  and  it  may  be  said  that  in  many  cases  the  hypostasis 
is  the  final  stage  of  the  disease  which  begins  with  venous  congestion. 

As  a  rule,  general  congestion  of  the  venous  system  is  described  as  a 
diminution  of  the  diffeience.s  of  pressure  between  the  arterial  and  veiuins  orifices 
of  the  heart,  arising  in  consequence  of  the  weakened  action  of  the  heart.  It 
was  assumed  that  the  biood-pressure  in  the  veins  increa-sed.  while  that  in  the 
arteries  fell.  These  are  views  which  ultimately  depend  upon  investigations 
which  were  made  a  long  time  ago  by  Weber  with  artificial  models  of  the 
circulation.  Cohnbeim  afterwards  thought  that  he  could  demonstrate  these 
views  by  some  experiments  on  living  animals.  For  this  purpose  he  dislocated 
the  heart  in  dogs,  and  found  that  the  arterial  pressure  fell  and  the  venous 
pressure  rose.  These  experiments  cannot  be  criticised,  because  Cohnheim  gave 
no  indication  of  the  details  of  the  method  of  dislocating  the  heart.  All  we  can 
learn  from  them  is  the  fact  that  it  is  possible  Uv  pr«>duce  di.sturbance8  of  the 
function  of  the  heart  in  such  a  way  that  the  pressure  in  the  aorta  may  fall 
temporarily,  while  that  in  the  veins  of  the  neck  may,  similarly,  ri.se  temporarily. 
These  experiments  of  Cohnheim's  are  of  no  value  for  the  question  before  us. 
The  experiments  with  rubber  tubes  also,  although  they  may  explain  certain 


VENOUS  CONGESTION 


243 


purely  mechanical  questions,  cannot  decide  this  matter,  since  they  leave  out  of 
account  tbe  tonic  innervation  of  the  walls  of  the  vessels.  Finally,  the  whole 
definition  of  venous  congestion  which  rests  upon  these  experiments  so  com- 
pletely destroys  the  distinction  between  hypostasis  and  venous  engorgement, 
that  it  is  manifestly  necessary  to  re-examine  the  facts  more  thoroughly. 

The  most  striking  phenomenon  in  general  venous  congestion  is  the  ftcaimit- 
latwa  of  blood  m  the  wins.  The  veins  are  greatly  dilated  by  the  large 
amount  of  blood  which  accumulates  in  them.  We  are  by  no  means  justified  in 
inferring  the  existence  of  an  increase  of  the  blood -pressure  in  tlie  veins  from 
their  overndistension  and  dilatation,  since,  in  any  given  degree  of  distension,  the 
pressure  is  to  a  great  extent  dependent  upon  the  tone  of  the  walls  of  the  vein. 
Still,  however,  the  higher  degrees  of  over-distension  of  the  veins  seem  to  involve 
an  increase  of  the  pressure  within  them.  When  the  veins  are  opened  in  such 
cases,  tbe  blood  frequently  bat  not  invariably  spurts  cab  with  considerable 
force. 

In  consequence  of  long -continued  excessive  engorgement  of  the  veins, 
another  symptom  arises  which  idao  suggests  that  the  pressure  within  them  is 
increased.  This  is  dropsy  of  all  the  tissues,  or  {fefural  o'demu.  As  will  be  seen 
more  fully  in  consideration  of  local  disturbances  of  the  circulation,  an  increase 
of  pressure  in  the  veins  involves  an  increased  Iran^udntion  of  liuid  from  the  capd- 
lanes  and  small  veins  into  the  tissue  spaces,  since  in  general  venous  stagna- 
tion, if  associated  with  an  increase  of  pressure  in  the  veins,  the  flow  of  lymph 
from  the  great  lymphatic  trunks  in  the  nock  into  the  veins  of  the  neck  is 
hindered  and  an  accumulation  of  lymph  occurs.  The  increased  transudation 
leads  to  overfilling  of  the  tissue  spaces  witli  clear  Huid  derived  from  the  blood, 
to  general  cedtma. 

In  genera!  congestion  of  the  venous  system  the  sidn  feth  cml,  even  although 
the  temperature  of  the  interior  of  tlie  body  is  normal.  This  shows  that,  if 
there  are  no  other  special  causes  of  reduction  of  temperature,  the  drmlation 
mu^4  be  shwf'ji,  ;ind  that,  therefore,  the  Iwart  in  a  giirti  fi/ii/:  tmHsmils  a  Hmallr)- 
ptantitif  of  hlwjil  thin  ttoniwlhj.  The  tempei-ature  of  the  skin  falls,  therefore,  be- 
cause it  is  supplied  with  smaller  quantities  of  warm  blood.  The  more  slowly 
circulating  Mood  in  the  capillaries  is  more  deficient  in  oxygen  and  richer  in 
carbonic  acid  than  normally.  It  ia  therefore  darker,  and  its  darker  colour 
makes  itself  visible  externally  by  a  purple,  njamtir  fdour  of  the  nJci)}, 

Clinical  observations  show,  further,  tbat  general  venous  congestion  begins  by 
lelatively  slight  diminutions  in  the  amount  of  blood  transmitted  hy  the  heart. 
The  regidation  of  the  tone  of  the  vessel,  however,  is  not  disturbwl  until  the 
blood  driven  into  the  systemic  arteries  falls  below  a  certain  limit.  This 
limit  at  which  the  va.scular  tone  is  disturbed  is  shown  by  a  considerable 
fall  in  the  haemodynamic  pressure  in  the  arteries,  and  by  hypostasis,  which  is 
associated  with  it.  Since  the  appearances  of  hypostasis  are  so  strikingly  different 
from  those  of  general  venous  congestion,  there  is  no  f^/vdnd  thai  warrants  Uie 
assttmption  that  there  i^  a  fall  ff  Ihe  arfrrud  hhx>*l  prmsure  in  geiienil  veiuru^  mujorge- 
ment.  Although  the  heart  in  ecjual  spaces  of  time  transmits  smaller  quantities 
of  blood,  tlie  vascular  system  possesses,  within  certain  limits,  the  power  of 
■ecomraodating  itself  to  a  small  quantity  of  blood,  and,  in  spite  of  a  lowered  dis- 
tension of  the  aortic  system,  can  keep  the  systemic  blood-pressure  at  a  normal 
level,  or  within  the  physiological  limit. 

Thr-  opinion  vi,  flierefan',  jmiijidbk  tkat^  in  general  venaus  ht/periemia,  the  blood- 
pressure  in  thf.  sysi^fmic  (irkrk,^  remmm  appnmnmtelfj  cmi^stant  The  agi-eement, 
then,  between  hypostasis  and  venous  congestion  consists  in  this  :  tliat  both  lesions 
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are  a  consequence  of  an  absolute  or  of  a  relative  diminution  of  the  volumes  of 
blood  transmitted  by  the  heart  in  a  given  time.  The  difference  in  the  two 
lesions,  however,  is  to  be  looked  for  in  the  fact  that,  in  general  congestion,  the 
regulation  of  the  vascular  tone  and  of  the  blood  -  pressure  in  the  systemic 
arteries  remains  within  the  physiological  limit,  while  hyijostasis  arises  when  the 
vascular  tone  disappears,  and  the  hsemodynamic  blood -pressure  materially 
falls.  With  reference  to  the  blood-pressure  which  is  present  in  the  arteries  and 
veins  of  the  pulmonary  circulation  in  these  lesions,  a  general  conclusion  is 
not  possible.  Experiments  upon  the  relations  of  the  condition  of  the  tonic 
innervation  of  these  vessels  are  required  for  this  puqiose,  but  they  are  not 
available  to  a  bufficiont  extent  The  special  cases,  however,  which  hear  distinctly 
on  this  subject  will  be  considered  later  along  with  the  diseases  of  the  heart  and 
lungs.  The  mode  of  development  of  general  venous  congestion  may  now  be 
stated  in  a  few  words. 

(1)  A  diminution  of  the  volume  of  blood  transmitted  by  the  heart  in  a 
given  time  is  to  be  regarded  as  the  immediate  cause  of  general  venous  conges- 1 
tion  aflecting  both  systems  of  the  circulation  equally.  This,  however,  involves  a 
proviso  that  this  reduction  in  the  amount  of  blood  transmitted  shall  not  reach 
the  limit  beyond  which  disturhancea  of  the  regulation  of  the  vascular  tone 
woidd  he  produced. 

(2)  A  diminution  of  the  volume  of  blood  transmitted  by  the  heart  reduces 
the  distension  of  the  arteries  and  increases  that  of  the  veins  of  the  systemic  and 
the  pulmonary  circulations.     The  arteries  become  contracted,  the  veins  dilated,  1 

(3)  The  diiuinished  distension  of  the  systemic  arteries — that  is  to  say,  the 
ilirainutiou  of  the  amount  of  blood  propelled  into  the  arteries  by  the  heart  in  a 
given  time — involves,  in  the  lesser  degrees  of  venous  congestion,  no  essential 
diminution  in  the  liiemodynamic  pressure  in  the  aortic  system,  since  the 
mechanism  which  regulates  the  vascular  tone  is  active,  and  increases  the  tone 
of  the  arterial  wall  to  a  degree  which  corresponds  to  the  lessened  amount  of 
blood  sent  into  the  arteries. 

(+)  The  greater  distension  and  dilatation  of  the  veins  of  the  systemic  circula- 
tion arCjj  or  are  not,  ai:com|>anied  by  a  rise  of  pressure  within  them  according  to 
the  condition  of  the  wall  of  the  vein  as  regards  tonicity,  and  the  degree  of  the 
disturbance  of  the  function  of  the  heart.  If  there  is  a  rise  of  pressure  in  the 
veinSj  the  fall  between  the  artery  and  vein  is  diminished,  and  at  the  same 
time  the  rise  of  venous  pressure  may  lead  to  the  occurrence  of  general  cedema. 

(5)  The  diminution  of  the  amount  of  blood  propelled  by  the  heart  in  a 
given  time  is  followed  by  a  slowing  of  the  blood-stream  in  the  cainllaries, 
an  increase  of  carbonic  acid,  a  diminution  of  oxygen  in  the  blood  in  the 
capillaries  and  veins  of  the  systemic  circulation,  cyanosis,  and  reduction  of 
the  temperature  of  the  skin, 

(6)  The  diminution  of  the  amount  of  blood  transmitted  by  the  heart  in  a 
given  time,  when  the  arterial  l)lood  pressure  is  at  its  normal  level,  and  when 
the  venous  pressure  is  cither  normal  or  increased,  indicates  a  reduction  of  the 
working  power  of  the  heart  in  so  far  as  it  is  available  for  the  circulation. 

(7)  If  the  amount  of  blood  propelled  by  the  heart  in  a  given  time  is  very 
sm«all^  disturbances  of  the  regulation  of  the  vascular  tone  arise,  the  blood- 
pressure  falls^  and  the  conditions  favt>unng  the  occuiTeuces  of  hypostasis  are 
thus  produced. 

If,  therefore,  we  sum  up  the  distiuhances  of  the  circulation  depending  upon 
;i  diminution  of  the  working  power  of  the  heart,  we  may  state  the  resulta 
briefly  as  follows : — 


GENERAL  VENOUS  CONGESTION 


245 


(«)  Slight  diminiUi(/n  of  the  working  ptncer  of  tlw  heaii  does  not  involve 
reduction  of  the  pressure  in  the  aorta,  since  the  vascular  system  may 
accommodatje  itself  to  the  lessened  quantity  of  blood.  Since,  however, 
in  this  case  the  heart  in  a  given  time  transmits  smaller  quantities  of  blood 
from  the  veins  into  the  arteries,  the  blood  accumulates  in  the  veins  and 
general  renouji  hi/painuia  arises. 
(ft)  More  cmmdcrahU  redudion  in  the  Wfjrkinff  pmcer  of  the  heart  diminishes  the 
amount  of  blood  sent  into  the  arterial  system  to  such  a  degree  that  the 
tonic  innervation  of  the  vessel  wall  is  disturbed  and  the  hsemodynamic 
pressure  in  the  arteries  falls.  The  result  is  hypost^isis  in  its  various 
degrees. 
{!'}  Complete  itdejrupfitm  of  tfw  warkmy  ]Hywer  of  the  hmrt  causes  death  either 
suddenly  and  without  warning,  or  after  the  above-named  lesions 
{swfdt:n  fad u re  of  thf.  hmrt). 
In  obtaining  the  above-mentioned  results,  no  account  has  been  taken  of  the 
action  of  the  two  sides  of  the  heart.  It  was  premised  that  the  right  and  the 
left  heart  transmit  equal  quantities  of  lilood  in  the  same  time,  although  these 
might  be  smaller  than  normal.  This  preraise  is,  however,  not  always  warranted, 
since  transient  inequalities  in  the  amount  of  blood  transmitted  by  the  two 
halves  of  the  lieart  may  arise.  As  has  been  already  shown,  abnormalities  in 
the  distribution  of  blood  arise  in  the  systemic  and  pulmonary  circulations. 
If  the  left  heart  propels  less  blood  than  the  right,  the  blood  then  accumulates 
in  the  pulmonary  circulation  and  diminishes  in  the  systemic  circulation  ;  while, 
on  the  other  hand,  a  diminished  transmission  on  the  part  of  the  right  heart 
leads  to  an  over-distension  of  the  systemic  circulation. 

If  conditions  arise  at  the  same  time  which  cause  venous  hypostasis  or  general 
venous  hyperfemia,  this  inequality  in  the  distribution  of  the  blood  is  associated 
with  the  phenQmena  of  hypostasis  or  those  of  general  venous  congestion. 
More  severe  disturbances  of  this  kind  ciiuse  death,  with  either  the  phenomena 
of  hypostasis  or  those  of  venous  congestion,  and  oedema  prevails  in  the  systemic 
or  in  the  pulmonary  circulation.  In  disturbances  of  slighter  degree,  on  the 
other  hand,  the  abnormal  distribution  of  blood,  under  conditions  which  can 
only  be  appreciated  in  a  separate  consideration  of  the  diseases  of  the  heart,  the 
vessels,  anil  the  lungs,  brings  about  a  compensation,  in  the  sense  that,  while 
the  overfilling  of  one  circulation  continues,  both  sides  of  the  heart  again 
transmit  equal  quantities  of  blood.  The  appearances  of  venous  congestion 
are  then  more  strongly  marked  in  one  or  other  systems,  either  in  the  pulmonary 
or  in  the  systemic  circulation.  The  inequality  of  the  blood  transmission  is, 
however,  in  this  case  only  temporary,  but  its  effects  persist  until  the  inequality 
is  temporarily  reversed  and  a  uniform  action  of  both  sides  of  the  heart  is 
gradually  established. 
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n.  General  Bisturbances  of  the  Circulation  caused  by  Diseases 
of  tlie  Walla  of  the  Vessels 

The  diseases  of  the  walls  of  the  vessels  which  will  be  considered  here  are 
either  alterations  of  the  elasticity  of  the  walls  of  the  arteries  and  veins,  or, 
alterations  in  the  permeability  of  the  walls  of  the  capillaries. 

The  walls  of  the  vessels  are  tbo  most  elastic  of  all  the  tiseues  of  the  human 
body.  In  many  persons  they  are  able  to  bear  the  uninterrupted  tension  of  the 
blood -pressure  during  a  long  life  without  being  in  any  marked  degree  over- 
stretched or  dilated.  No  inanimate  substance  is  equal  to  such  a  function,  as 
continuous  tension  would  lead  to  a  progressive  stretching,  and  the  elasticity 
would  be  thereby  considerably  red  need.  This  property  of  the  vessel  wall  is 
accoimted  for  by  tlie  presence  of  the  muscular  coat.  This  i.<*  an  apparatus  which 
is  able  to  transform  ilie  chemical  energy  brought  to  ifc  by  the  blood  and  lyraph 
into  energy  of  elasticity^  and  thus  to  maintain  the  normal  condition  of  elasticity 
of  the  vessel  wall.  The  arterial  wall,  especially  in  the  aortic  system,  shows 
an  uninterrupted  periodic  increase  and  dimtniiition  of  its  tone.  The  changet. 
in  calibre  that  are  produced  are,  however,  inconsiderable.  They  can  havai 
hardly  any  influence  on  the  propulsion  of  the  blood  ;  but,  on  tiie  other  hand, 
their  importance  is  so  uuich  the  greater  as  regards  the  maintenance  of  the 
normal  elasticity  of  the  wall  of  the  artery,  the  regulation  of  the  bloo'd-pressure, 
and  the  distribution  of  the  blood  in  the  various  vascular  areas. 

The  circulation  of  the  blood  is  more  or  less  seriously  disturbed  when  the 
elasticity  of  the  vessel  walls  is  reduced.  It  is  the  general  di.seases  chiefly 
which  alfect  the  elasticity  of  the  vessel  wall :  acute  and  chronic  infectious 
diseases,  such  as  scarlet  fever,  ty[)hoid,  syjjhilis,  tuberculosis,  and  others. 
Further,  many  long -continued  disturbances  of  general  nutrition  and  many 
poisonous  substances  absorbed  by  the  body  (phosphorus,  for  example,  as  has 
been  shown  by  Luntz,  working  under  my  direction)  diminish  the  elasticity  of 
the  vessel  wall  to  a  gi-eater  or  less  extent.  Similar  changes  arise  by  functional 
overstraining  of  the  arteries,  induced  by  increase  of  the  heart's  actioiL  The 
diminution  of  the  elasticity  (as  Kafer,  Luck,  and  I  have  found)  can  also  be 
demonstrated  after  death.  The  arti'fies  then  become  easily  stretched  by^ 
slight  pressure  to  a  quite  remarkable  degree. 

During  life  the  diminution  of  the  elasticity  of  the  arteries  shows  itself 
by  a  soft  distensile  pulse  and  a  sphygraographic  tracing  with  a  very  high 
dicrotic  rise,  ^vhich  is  unduly  far  removed  from  the  apex  of  the  wave.  The 
distance  of  the  apex  of  the  dicrotic  rise  from  that  of  the  pulse  wave  indicates, 
in  these  conditions,  that  the  pulse  wave  is  somewhat  slowly  propagated  in  the 
blood- street m.  At  the  same  time,  mimnurs  which  are  synchronous  with  the 
pulse  are  hoard  in  the  large  arteries — the  femoral,  for  example.  This  seems 
to  be  a  consequence  of  the  rapid  change  of  the  vascidar  tension  which  the 
high  pulse  wave  produces.  Arterial  murmurs  are  thus  of  great  importanceJ 
for  the  jjathokigy  of  the  circulation.  Lastly,  I  may  point  out  that  in  many* 
cases  the  ai)pearance  of  a  pulse  in  the  retinal  arteries  on  ophthalmoscopic 
examination  is  to  be  ascribed  to  a  diminution  of  the  elasticity  of  their 
wall. 
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In  all  the  above-mentioned  cases,  however,  no  severe  general  disturbance  of 
the  circulation  usujilly  appears.  There  ia  rather,  as  I  have  shown,  a  tendency 
to  an  alteration  of  the  structure  of  the  walls  of  the  artery.  In  consef[Uence 
of  the  greater  tension  to  which  the  weakened  walls  of  the  arteries  and  veins 
are  subjected  by  the  blood-stream,  their  lumen  dilates.  Since,  however,  the 
amount  of  blood  which  flows  through  a  section  ol  an  artery  in  a  given  time 
is  determined  chiefly  by  the  condition  of  the  cai)illaries,  the  widening  of  the 
arteries  produces  only  a  moderate  incrcivso  in  the  amount  of  blood  which  flows 
through,  so  that,  at  the  same  time,  the  rapidity  of  the  blood-stream  is  reduced 
in  the  widened  vessel.  A  retardation  of  the  stream  is  produced,  and  this,  as  I 
have  been  able  to  show,  is  the  immediate  cause  of  a  new  formation  of  connective 
tissue  in  the  intima  of  the  widened  artery.  This,  again,  diminishes  the  himen 
of  the  artery,  and  the  latter  is  thus  re-adapted  to  the  blood-stream.  The  new 
formation  of  connective  tissue  in  the  intima  renders  the  vessel  wall  more  fii-m, 
so  that  it  appears  more  rigid  and  less  yielding  (arterwsclerom,  j)hkbosdcrosiji, 
am;io.ichra^ifiy  The  elasticity  of  the  wall  of  the  vessel,  and  therefore  the 
resistance  which  it  otTers  to  stretching,  is  considerably  increased,  often  to 
such  an  extent  that  the  pulsatile  movements  within  it  are  reduced. 

The  pulsating  blood-stream  of  the  artery  now  flows  in  a  channel,  the  wall 
of  which  [jossesses  more  or  less  the  properties  of  a  rigid  tube.  This  involves 
an  increase  of  the  resistance  to  the  stream  which  must  not  be  undervalued. 
The  heart  is  at  first  able  to  overcome  this  by  strengthening  its  contraction. 
Gradually  the  thickness  of  the  wall  of  the  left  ventricle  becomes  considembly 
increased,  but  tlie  increased  activity  required  of  the  heart  exposes  it  to  the 
danger  of  insufficiency  in  its  action.  This,  in  many  cases,  leads  to  a  fatal 
termination. 

The  above-named  cjiuses  may  act  upon  the  capillaries  just  as  on  the  walls 
of  the  arteries  and  veins,  but  it  has  not  been  detennined  whether  there  ia 
any  alteration  in  the  elasticity  of  their  walls,  although  this  has  been  assumed 
by  Kiiss.  There  is,  on  the  other  hand,  a  striking  mc/msr  in  the  penneabililij 
of  the  capillary  walls  in  many  cases.  Kiiss,  »Samuel,  and  Cohnheira  have 
demonstrated  this,  both  in  the  phenomena  of  exudation  and  suppuration,  and 
in  local  venous  congestion — two  forms  of  local  disturbances  of  the  circulation 
which  will  be  considered  subsequently.  According  to  my  own  investigations, 
the  capillary  walls  are  rendered  more  permeable  by  octfc  (tiul  chrmik  fjeneral 
duseajiefi  of  the  heuii  tind  hlm(l-tr:^.>i('L%  as  is  proved  by  the  occurrence  of  ap|Kirently 
spontanmu.-i  h<rnioniui//i'.-i,  or  the  presence  of  aerous  f^jlfuiyiotis. 

Spontaneous  ha-morrhages  are  observed  as  acute  lesions  of  various  degrees 
of  severity  in  many  forms  of  poisoning  (phosphorus,  iodide  of  ptassium) 
and  in  certiiin  infective  diseases  (septicieraia,  anthrax,  typhoid,  yellow  fever, 
plague,  etc.)  When  such  hjemorrhiiges  have  a  chronic  character  they  are 
generally  associated  with  angiosclerosis.  As  a  matter  of  fact,  spontaneous 
hiemorrhages  arc  to  be  regarded  as  amongst  the  first  indications  of  angio- 
sclerosis. It  is  usually  a  cerebral  haemorrhage  threatening  life  which  Iwids 
to  the  physician  being  called  in  to  the  patient  suflering  from  angiosclerosis. 
In  other  cases  there  are  haemorrhages  in  the  retina,  or  frequently  recurring 
haemorrhages  from  the  nasal  mucous  membrane,  which  cause  tlanger  by  their 
severity,  profuse  menstrual  luemorrhages,  etc.,  which  reveal  the  beginning  of 
the  disease.  In  two  cases  under  my  observation,  in  addition  to  multiple 
small  htemoiThages  in  other  organs,  an  extensive  ecchymosia  into  the  pancreas 
occurred,  and  presumably  caused  death  through  an  injury  to  the  neighboiu'ing 
sympathetic  nerve  plexus. 
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In  a  second  aeries  of  cases,  either  with  or  without  haemorrhages,  extensive 
serous  effuAvmn  into  various  parts  of  the  body  are  the  most  important  con- 
sequence of  the  increased  penneabilifcy  of  the  capillary  walls.  Robert  was  the 
first  to  show  that  some  poisons  can  produce  this  comiition.  One  of  these  is 
found  in  the  flowers  and  leaves  of  the  false  acacia  (Hobinui  pi<eiuhiracM) ;  another 
is  paraphenylendiamin,  which  in  dogs  produces  o&dema  of  the  skin  and  especially 
of  the  face.  Heidenhain  subsequently  demonstrated  a  similar  action  produced 
by  the  extract  of  the  muscles  of  crabs  and  other  animals  ;  and  acute  infections, 
such  as  scarlet  fever,  anthrax,  etc.,  are  very  frequently  followed  by  the  develop- 
ment of  serous  eftusions  or  rodema.  Wo  are  here,  however,  chiefly  concerned 
with  chronic  disturbances  of  luitrition  and  of  metabolism.  (Edema  arises  in 
association  with  sclerosis  of  tbe  arteries  and  veins  (angiosclerosis).  The  oedema 
may  show  itself  as  a  inm.'iient  tiud  shi/tiu'j  udfum.  In  the  evening  there  is, 
regularly,  itdematous  swelling  of  the  feet,  which,  in  the  course  of  the  night, 
disappears  and  gives  place  to  an  o?dcma  of  the  eyelids ;  the  latter  again 
disappears  during  the  day.  It  is  obviously  the  change  in  the  position  of  the 
body  which  causes  this  change  in  the  localisation  of  the  <vdema.  The  pressure 
in  the  vessels  of  the  feet  and  of  the  face  changes  with  the  upright  and  the 
horizontal  positions  to  the  extent  of  several  centimetres  of  mercury.  AVheo 
the  vessel  walls  are  abnormally  permeable,  this  is  sufficient  to  induce  a  transitory 
or  varying  oedema.  If  the  condition  progresses  the  a'denta  of  the  lower  extremities^ 
Jird  tt^mh  ki  become perntauenL  It  then  extends  over  other  parts  of  the  body  and 
effusions  into  the  serous  cavities  take  place.  Either  mnltiplr  ocdemus  or  a  general 
ctdemi  f>f  (he  ivhole  hotly  are  then  developed. 

Such  widely  spread  or  multiple  serous  effiisions  involve  serious  danger  if 
they  distend  the  serous  ca^nties  of  the  thorax  and  abdomen  and  thereby  em- 
barrass the  respiration.  At  the  same  time  they  hinder  the  circulation  of  the 
blood  by  raising  the  pressure  in  the  tissues,  since  the  increase  of  the  tissue 
pressure  compresses  and  narrows  the  capillaries ;  the  demand.s  on  the  pro- 
pulsive power  of  the  heart  increase.  The  left  ventricle  works  harder,  and,  in 
course  of  time,  its  muscular  wall  increases,  but  ultimately  the  heart,  especially 
when  the  arteries  are  diseased  at  the  same  time  and  make  special  demands 
upon  it,  is  no  longer  able  to  overcome  the  additional  resisUince  to  the  blood- 
stream. The  working  power  of  the  heart  ia  insufficient,  and  (Jeath,  sooner  or 
later,  closes  the  scene.     (Compare  the  section  on  (Edema  and  I'xudations.) 
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in.  C^neral  disturbances  of  the  Circulation  caused  b^  an  Abnormal  Condition 

of  the  Circulating  Fluids 

The  third  great  group  of  general  disturbances  of  the  circulation  embraces 
those  which  are  caused  \*y  an  abnormal  condition  of  the  blood  and  of  the  circu- 
lating fluids.  The  first  to  be  considered  are  those  disturbances  which  are  pro- 
duced by  foreign  substances  in  the  blood,  especially  chemical  and  infective 
poisons.  These  have  already  been  discussed  in  their  general  outlines,  however, 
and  it  is  chiefly  those  conditions  wliich  have  been  termed  anaemia,  oligtcmia, 
hydnemia,  plethora,  anhydra;mia,  etc.,  which  remain  to  be  considered. 

The  expression  ansemia  originally  implied  a  diminished  amount  of  blood  in 
the  circulation,  and  hiral  antj^mia  or  isckemia  (which  will  be  more  fully  con- 
sidered under  the  local  disturbances  of  circulation)  and  (jmeral  antEmia  were 
distinguished.  The  latter  was  originally  regarded  as  a  diminution  of  the  total 
quantity  of  blood  in  the  body.  It  is,  however,  a  very  difficult  matter  to 
estimate  the  total  rjuantity  of  blootl ;  the  methods  which  have  been  recom- 
mended for  man  during  life  can  only  be  applied  in  exceptional  cases  and  are 
always  very  inexact.  Many  of  the  results  given  depend,  therefore,  upon  ^'ery 
arbitrary  estimations,  still  the  pathologist  at  least  can  assure  himself  at  the 
pod-markm  table  that  the  amount  of  blood  in  different  bodies  shows  great 
variations. 

General  anaemia  is  always  accompanied  by  alterations  of  the  chemical 
composition  and  the  amount  of  cells  contained  in  the  blood.  This  can  be  moat 
easily  demonstrated  in  cases  of  aniemia  which  result  from  great  loss  of  blood, 
but  is  also  found  in  forms  of  this  disease  which  jirise  spontaneously ;  and  it  is 
necessary,  therefore,  to  give  a  more  definite  description  of  the  details  of  the 
disturbance,  Two  forms  can  be  differentiated  :  (flujaania,  or  diminnlion  in  tJie 
volume  of  the  hhmi  in  diriilatitm^  and  oli{t<Hjiih(f:mia,  u  diminution  in  th^  nniHhef  of 
relb  cirtilaiiud  tit  tlw  unit  rohonfi  of  Mood  (one  cubic  millimetre).  This  diminu- 
tion of  the  cells  contained  in  a  cubic  millimetre  of  blood  chiefly  affects  the  red 
corpuscles  (oligoty/tkanm  rubrti)^  und  is  always  associated  mth  diminvtvm  in  the 
auKfunt  of  ihf.  h(tniofjl<Mn  in  the  blood.  Still,  the  diminution  in  the  numlier  of  the 
red  corpuscles  in  a  cubic  millimetre  of  blood  is  only  occasionally  in  proportion 
to  the  diminution  in  the  amount  of  hfcmoglobin,  as  in  many  cases  of  ohgo- 
cytha^mia,  for  example,  which  are  due  to  deficient  nutrition  and  unfavourable 
hygienic  conditions  in  otfierivise  healthy  peraons.  Sometimes  the  amount  of 
ha-moglobin  decreJises  more  rapidly  than  the  number  of  the  cells,  as,  for  example, 
in  chlorosis  and  syphilis,  while  in  pernicious  anaemia  the  reverse  is  often  the  case. 

As  a  rule,  oligocytba^mia  rubra  is  associated  with  an  increase  in  the  numl>er 
of  white  corpuscles  contained  in  a  cubic  miEimetre  of  blood  {l/'uroci/tos-is). 
These  are  conditions  which  must  subsequently  be  considered  in  greater  detail, 
more  especially  since  they  are  of  very  great  practical  importance  for  the 
physician,  and  because  the  circulatory  disturbances  which  they  produce  are  of 
great  general  interest, 

Tlie  term  hj/dmniki  has  been  applied  to  several  conditions  in  the  same 
loose  manner  as  the  term  general  anaemia.  The  name  is  usually  applied 
to  an  increase  in  the  amount  of  water  in  the  blood ;  but  it  has  also  been 
employed  to  indicate  an  increase  in  the  amount  of  water  and  a  diminution  in 
the  albumens  of  the  blood  plasma,  and  in  many  cases  the  term  hydriemia  is 
used  to  express  an  increase  in  the  blood  plasma  alone.  However,  it  seems 
premature  to  attempt  a  thorough  revision  of  the  terminology  in  this  respect, 
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since  it  is  only  a  short  lime  ago  that  the  chemical  analysis  of  the  blood  has 
been  so  far  perfected  by  A.  Schmidt  that  the  separate  inveatigation  of  the  cells 
and  of  the  plasma  by  chemical  methods  has  become  possible. 

Accordingly  the  distinction  of  lujiMilhun'mmu^  diminution  of  the  amount  of 
albumen  in  the  blood,  and  hijpt'mlbtuninosu^  increase  in  the  amount  of  albumen 
m  the  bloody  has  proved  of  no  practical  value  for  the  study  of  disturbances  of 
the  circulation.  The  same  ia  true  of  hi/perinosiii  and  hi/pinosiHf  the  increase  and 
diminution  of  fibrinogen.  As  a  matter  of  fact,  the  amount  of  fibrinogen  in  the 
blood  is  estimated  by  very  inaccurate,  methods,  mostly  according  to  the  greater 
or  less  rapidity  of  euagulation  of  blood  that  has  escaped  from  the  vessels,  and 
according;  to  the  greater  or  less  firmness  of  the  product  of  coagulation,  the 
blood-clot. 

There  can  be  no  doubt  that  iu  many  diseases  the  blood  undergoes  manifold 
alterations  in  its  composition,  and  that  these  alterations  greatly  inllueiice  the 
circulation.  The  results  hitherto  obtjiined,  however  important  they  may  be  for 
the  special  considenition  of  the  indivi<lual  forms  of  the  disease,  do  not  warrant 
us  in  coming  to  any  general  conclusions.  Perhaps  such  a  generalisation  will  be 
possible  when  the  composition  of  the  albumen  molecule,  which  has  already  been 
60  far  determined  by  the  investigations  of  Kiihne  and  Nenski,  becomes  more 
exactly  known,  for  this  building  up  of  the  albumen  molecule  goes  on  unceasingly 
in  the  human  body,  and  the  blood  ia  continually  receiving  the  products  of  its 
destruction  in  order  to  convey  them  to  the  excretory  organs.  These  processes 
will  become  of  the  greatest  interest  for  the  disturbances  of  the  circulation, 
when  tlie  action  of  the  products  of  destructiun  on  the  heart,  the  vessel  walls, 
and  ufion  the  nervous  centres  which  preside  over  the  circulation  are  more 
exactly  investigated. 

In  opposition  to  aniemia  stands  ^mh/ajviftt^  rrpktiu  or  ph'ilwra^  or  increase  in 
the  total  amount  of  blood  in  circulation.  Two  forms  have  been  distinguished. 
PMhora  rara  indicates  aii  increase  of  the  total  amount  of  blood,  its  composition 
being  fairly  normal.  It  cannot  be  said  that  the  occurrence  of  a  plethora  vera 
has  ever  been  demonstrated-  Very  striking  differences  in  the  amount  of  blood 
in  diflbrent  individuals  are  met  with,  however,  on  the  jwsi-mcrkni  table,  and  in 
many  cases  of  disease  of  the  circulatory  apparatus  the  existence  of  a  plethora 
vera  is  very  strongly  suggested.  The  investigations  of  Worm  Miiller  show 
that  a  healthy  vascular  system  becomes  accommodated  to  an  increase  in  the 
amount  of  blood  without  any  very  great  rise  in  the  arterial  pressure.  But  in 
experiments  the  amount  of  blood  can  be  only  temporaiily  increased,  since  the 
excess  of  blood  is  rapidly  used  up  within  the  body.  In  diseased  conditions  of 
the  vascular  system,  however,  the  conditions  are  nut  so  simple.  Arteries  and 
veins,  in  consequence  of  diseases  of  the  vascular  walls,  are  often  dilated  to  such 
a  degree  that  we  are  obliged  to  assume  that  there  is  a  permanent  increase  in 
the  total  amount  of  blood.  If  the  cellular  elements  of  the  blood  are  not  at  the 
same  time  really  abnormal,  and  such  cases  occur  frequently  enough,  plethora 
vera  is  very  probable.  It  must  then  be  defined  as  an  increase  in  the  total 
volume  of  the  blood,  the  amount  of  culls  being  almost  normal. 

The  term  hf/flmmic  pkihmi  is  used  to  indicate  an  increase  in  the  total 
amount  of  blood  which  depends  princijially  upon  an  increase  in  the  amount  of 
water  in  the  blood,  and  upon  an  increased  amount  of  the  Wood  plasma.  It  is 
only  pos.sible  to  increase  the  amount  of  water  of  the  blood  plasmii,  and  at  the 
same  time  to  preserve  the  red  blood  corpuscles  unaltered,  if  there  is  a 
corresponding  increase  of  the  salts  in  the  blood  plasma.  A  large  number 
of  the  red  blood  corpuscles  become  dissolved  if  it  is  only  the  amount  of  water 
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of  the  plasma  which  is  incroased,  as  by  an  injection  of  water  into  the 
blood. 

Hydraimic  plethora  has  been  very  thot'ougbly  worked  up  experimentally 
both  long  ago  and  more  recently,  and  will  be  more  carefully  studied  in  the 
consiiJeration  of  tedema.  In  man  there  is  not  infrequently  retention  of  water 
from  diminution  of  the  secretion  of  the  kidneys.  There  is,  however,  in  one 
cIass  of  these  cases  an  increase  in  tlie  permeabiliby  of  the  capillaries  of  the 
whole  body  which  accompanies  pathological  structural  aUorations  of  the  kidney. 
The  daily  excretion  of  water  by  the  kidneys  diminishes,  and  there  follows,  first, 
an  increase  in  tlie  blood  plasma  through  a  hydnemic  plethora,  or  better, 
plasmatic  plethora.  This  leads  to  an  accnnuilation  of  lympli  in  the  tissues  : 
firstly,  because  the  capillaries  of  the  whole  body  are  more  permeable  than 
nonnally  ;  secondly,  because  the  plasmatic  plethora  is  associated  with  an  over- 
filling of  the  venous  system,  which  hinders  the  escape  of  the  lymph  from  the 
great  lymphatic  trunks  into  the  veins.  Therefore  the  phenoraena  of  dropsy  or 
eedema  of  the  tissues  follow. 

In  a  second  class  of  cases  a  general  venous  engorgement  is  the  cause  of  the 
development  of  hydra-mic  plethora.  The  rise  in  pressure  in  the  veins  in  the 
systemic  circulation  produces  also  a  stagnation  of  the  lymph  and  a  diminution 
of  the  secretion  of  urine.  Here  the  vessel  walls  are  not  at  first  diseased,  but 
the  insufficiency  of  the  heart-muscle  is  the  mechanical  cause  of  the  retention  of 
water  and  the  accumulation  of  the  lyniphj  hydriemic  plethora  with  all  its 
consequences. 

In  both  sets  of  cases  the  circulatory  disturbance  passes  beyond  the  limits 
of  the  vascular  system  into  the  connective  tisiiue  spaces  and  lymph -vessels. 
We  are  reminded  in  a  very  striking  manner  that  the  latter  form  a  diverticulum 
of  the  vascular  system  and  play  an  imjiortant  part  in  many  disturbances.  One 
may  regard  the  above-described  changes  as  an  increase  in  the  total  circulating 
fluids  of  the  borly,  as  a  tjeneml  pffthwa^  in  opposition  to  the  earlier  described 
forms  which  might  be  termed  ra^cuhr  pldhora,  and  by  the  side  of  which  one  may 
place  the  h/mphatk  pklhoniy  which  is  an  over-distension  of  the  connective  tissue 
spaces  and  lymphatics,  in  such  a  way  that  the  gt^ntml  plethora  presents 
sometimes  the  character  of  a  true  vascukw  vr  hijdrmnk  plethora,  sometimes 
rather  the  properties  of  a  hfinphatir  plethora.  The  manifohl  relations  between 
the  blood  and  tlie  lymph  may  render  the  occurrence  of  pure  forms  of  vascular 
and  lymphatic  plethora  very  rare,  so  that  in  the  various  cases  both  forms 
are  present,  although  one  or  other  may  pvepondemte. 

In  contrast  to  hydriemia  stands  anhmlmfiiuty  or  the  diminution  of  the  water 
of  the  blood.  This  term  also  includes  a  series  of  disturbances  of  different 
kinds.  If  a  5  per  cent  solution  of  salt  is  introduced  into  the  blood-vessels  of 
a  frog,  there  arises  among  other  conditions  an  ojiacity  of  the  lens  (cataract),  as 
Kunde  showed,  manifestly  because  the  excessive  amount  of  salt  in  the  blood 
removes  water  from  the  tissues  and  the  lens.  In  this  experiment  the  most 
important  factor  is  the  increase  of  the  amomnt  of  salt  in  the  blood,  although 
the  amount  of  water  in  the  blood  has,  at  the  same  time,  also  become  increased, 
though  certainly  not  to  such  a  great  extent  (relative  anhydraemia). 

An  altogether  ditierent  result,  although  it  may  also  be  regarded  as 
anliydne;mia,  follows,  if  a  strong  solution  of  salt  is  injected  into  the  |)eritoneal 
cavity.  In  this  experiment,  which  can  be  also  earned  out  in  warm-blooderl 
animals  (Wegner),  such  a  large  ^luantity  of  water  difluses  cmt  of  the  blood- 
vessels of  the  peritoneum  into  the  peritoneal  cavity  that  the  blood  becomes 
viscid.     In  this  case,  in  addition  to  the  reduction  of  the  amount  of  water  in 
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the  bloo<l,  the  amount  of  its  saline  constituents  is  increased.  The  changes 
which  are  thereby  induced  in  the  bloodstrGam  can  be  easily  comprobeoded,  if 
wo  remember  that  by  the  above-mentioned  experiment  the  blood  loses  its 
plasma.  Its  viscid  consistence  increases  the  Irictional  resistance,  so  that 
smaller  quantities  of  blood  will  now  flow  through  a  transverse  section  of  a 
vessel  in  the  same  space  of  time.  At  the  same  time,  as  a  further  result,  there 
is  a  diminution  of  secretion  in  the  glands.  I  have  shown  that  under  such 
conditions  the  white  blood  corpuscles  lose  their  amoeboid  movements.  The 
important  rCAe  which  these  amreboid  movements  of  the  lencocj'tes  play  in  the 
formation  of  pus  and  exudation  will  be  examined  subse({ucntly.  In  the  mean- 
time, unfortunately,  no  one  has  attempted  to  influence  exudation  experimentally 
in  man  by  such  infusions  of  sak>  although  such  experiments  easily  succeed  with 
frogs.  The  best  known  anhydnymias  in  man  agree  in  many  points  with  the 
above-mentioned  experiments.  They  arise,  as  a  rule,  after  profuse  watery 
diarrhneas,  such  as  are  ohser\'e<l  in  many  severe  catarrhs  of  the  bowel,  and  in 
cholera.  The  loss  of  fluid  constituents  from  the  blood  is  shown  by  a  small 
pulse,  a  fall  of  the  surface  temperature,  a  purple  cyanotic  colour  of  the 
skin,  and  by  diminution  of  the  secretions,  particularly  of  the  urine  and  the 
saliva.  The  cyanotic  colour  and  the  cooling  of  the  skin  must  be  looked  upon 
as  consequences  of  a  retardation  of  the  circulation.  In  severe  cases  many 
other  signs  are  added,  but  these  perhaps  are  more  dependent  upon  the 
absorption  of  poisonous  prodiicts  of  decomposition  from  the  abnormal  contents 
of  the  bowel.  A  falling  in  and  a  slirivellwi  appearance  of  the  skin  are  the 
only  things  which  point  with  certainty  in  such  cases  to  a  diminution  in  the 
total  amount  of  the  circulating  fluids. 
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1.  Physical  Ex&minfttioa  of  tJie  Blood.    Enumeration  of  tbe  Blood  Corpuflcles  and 

AlUed  MothodB 

The  incompleteness  of  the  chemical  investigation  of  the  blood  has  led  to 
the  careful  development  of  the  physical  examination.  The  results  thereby 
obtained  are  of  as  great  importance  for  the  study  of  circulatory  disturbances  as 
for  medical  practice,  so  that  the  most  important  methods  and  facts  must  be 
mentioned  here. 

The  sjurijic  gravity  of  the  blood  is  determined  readily  with  the  aid  of  the 
picnometer.  For  thia  purpose,  a  capillary  tube  of  glass  recently  drawn  through 
tbe  glass-blower's  lamp,  and  of  about  10  centimetres  in  length,  a»id  Of>  to  2 
millimetres  in  diameter,  is  employed.  The  ends  of  this  tube  (Fig.  167)  are 
pointed  by  1>cing  repeatedly  drawn  out  in  the  flame,  and  are  cut  off"  trans- 
versely with  the  aid  of  a  file.  By  meiins  of  a  fine  chemical  Ivalance  the  tube  is 
weighed,  first  empty,  then  when  filled  with  blood,  and  a  third  time,  when  filled 
with  distilled  water.  The  weight  of  the  blood  thus  found  is  then  divided  by 
the  weight  of  the  water,  and  the  specific  graA'itj'  of  the  blood  is  thus  obtained. 
This  method,  which  is  generally  ascribed  to  Schmaltz,  was  devised  by  myself 
in  all  its  detiiils,  and  first  published  by  my  pupil  Hiinerfauth.  It  is  to  be 
recommended,  because  it  requires  only  small  quantities  of  blood. 

In  adults  the  specific  weight  of  the  blood  varies  between  1*045  and  1*066 
(Landois  and  Lloyd  Jones),  the  blood  of  men  being  somewhat  heavier  than 
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that  of  women.  Many  disturbances  of  nutrition,  such  as  chlorosis,  pulmonary 
tuberculosis  and  carcinoma,  diminish  the  specific  gravity  of  the  blood.  Other 
diseases,  such  as  typhoid  fever,  upjjear  to  increase  its  specific  gravity. 

The  amount  of  htTmoffiobin  in  the  blood  may  be  tested  by  various  methods. 
Very  exact  results  may  be  obtained  by  means  of  the  spectro-photometer  of 
Vierordt,  Hiifner,  and  Glan.  For  practical  purposes  the  hiemometer  of  Flcischl 
is  to  be  recommended.  The  blood  is  dikited  in  known  proi)orlioiis  with  water, 
and  the  colour  of  the  solution  of  hemoglobin  so  produced  is  compared  with  the 
colour  of  a  wedge-shaped,  polished  plate  of  red  glass.  In  consequence 
of  its  varj'ing  thickness  the  latter  appears  of  different  depths  of  colour 
in  different  parts.  A  place  cau  therefore  be  found  on  the  wedge- 
shaped  plate  which  will  appear  exactly  the  same  colour  as  the 
blood  solution,  and  the  amount  of  hicmoglobin  is  immediately  read 
off  on  a  scale  in  percentage  of  the  normal.  If  the  constant  errors 
that  depend  on  the  instrument,  and  which  are  sometimes  fairly  con- 
aidenil>le,  be  previously  determined,  the  hicmomcter  may  generally 
be  perfectly  sufficient  for  the  physician's  piu-pose.  The  errors  are 
discovered  in  a  very  simple  way  by  examining  the  blood  of  a  series 
of  healthy  individuals  in  various  degrees  of  dilution.  It  is  remarked 
that,  for  example,  the  results  of  a  particular  apparatus  in  healthy 
people  vary  between  93  and  97  per  cent  of  htemoglobin  instead  of 
standing  at  100  per  cent.  It  will  thus  be  necessary  to  correct  a 
constant  error  of  5  per  cent  in  reading  normal  blood  test«.  If  the 
blood  of  healthy  j)eople  is  diluted  in  known  proportions,  the  cor- 
responding corrections  will  of  course  be  required  in  investigating 
blood  which  is  poor  in  ha'raoglobin. 

The  number  of  red  and  white  corpuscles  in  a  cubic  millimetre  of 
blood  is  detennined  by  simple  enumeration.  For  this  purpose  the 
blood  is  diluted  in  the  proportion  of  1  to  100  or  1  to  200  with  a  3 
per  cent  sokitiun  of  salt,  or  with  other  similar  fluids  which  do  not 
affect  the  cells.  A  specimen  is  taken  from  the  diluted  fluid,  accurately 
measured,  and  the  corpuscles  then  counted.  For  practical  purposes 
the  apparatus  which  I  have  devised  by  improving  that  of  Gowera 
and  Malassez  may  be  used.  It  is  manufactured  in  an  exceedingly 
accurate  manner  and  sold  by  Zeiss  in  Jena.  An  investigation 
undertaken  by  Lyon  and  myself  showed  that  the  constant  errors  of 
this  apparatus  are  so  small  tljat  they  practically  do  not  need  to  be 
taken  into  account,  while  the  variable  errors  do  not  surpiiss  the 
amount  which,  as  Abbe  has  shown,  are  unavoidable  from  the  nature 
of  the  observation.  p^^^    ^^^  _ 

In  counting  the  white  blood  corpuscles  it  is  better  to  dissolve  Tiiou«'*ptc- 
the  red  corpuscles  first  by  diluting  the  blood  with  a  one-third  per  cent  "ometer. 
solution  of  glacial  acetic  acid  instead  of  saline  solution.  In  this  case  **'*"*' *^'*- 
a  dilution  in  the  proportion  of  1  to  10  is  sufficient,  so  that  there  may  be 
in  the  Held  of  the  microscope  a  sufficient  number  of  cells  to  enable  the 
enumeration  to  be  quickly  {jerformed.  With  regard  to  the  details  of  this  pro- 
cess I  may  refer  to  my  papers  quoted  at  the  end  of  this  section. 

hi  the  blood  of  adult  healthy  persons  there  are  from  five  to  six  millions  of 
red  blood  corpuscles  in  the  cubic  millimetre  ;  in  women  about  five  millions,  and 
in  men  about  5  5.  Larger  numliers  are  more  rare.  On  the  other  hand,  the 
blood  of  newly-born  children  is  somewhat  richer  in  cells.  In  this  case  the 
number  of  the  corpuscles  not  infrequently  rises  above  six  millions. 
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On  the  other  hand,  the  cubic  millimetre  of  blood  contains  from  5000  to 
10,000  white  corpuscles.  These  show  great  variation  in  their  number.  After 
meals  they  are  more  numerous  ;  during  long  fasting  their  number  falls.  When 
the  general  health  is  good  the  number  of  white  corpuscles  seems  to  be  higher. 
The  blood  of  newly-boni  children  and  pregnant  women  is  very  rich  in  white 
cells,  as  many  as  12,000  or  13,000  in  the  cubic  millimetre  being  sometimes 
found. 

The  fnfasnrinif  of  tJw  red  rorpu^Jes  is  more  difiBeult  than  might  be  thought  at 
first.  Although  I  had  previously  recommended  that  the  cells  shonid  be  measured 
in  freshly-drawn  biooil  without  allowing  any  evaporation,  I  now  incline  to  the 
opinion  that  it  u  more  practicable  to  carry  out  the  so-called  dry  method 
according  to  the  process  of  Laache.  A  freshly-drawn  drop  of  blood  is  rapidly 
spread  on  a  cover-glass  in  a  very  thin  layer,  bo  that  it  quickly  dries.  The  cells 
in  this  case  lie  widely  enough  removed  from  one  another  to  permit  of  an  exact 
measurement  A  highly  magnifying  object-glass  must  be  used.  I  employed 
for  this  purpose  the  apochromatic  homogeneous  immersion  lens  of  ^  by  Zeiss  in 
Jena^  and  a  so-called  movable  eye-piece  micrometer.  It  is,  however,  desirable 
BO  to  arrange  the  length  of  the  tube  for  the  microscope  tliat  one  division  of  the 
micrometer  indicates  exactl}'  O'OOl  of  a  nnllimetre.  The  result  can  then  be 
read  off  in  half  micros.  It  does  not  seem  to  be  possible  to  attain  really  greater 
accuracy.  As  it  is,  it  is  difficult  to  be  perfectly  accurate  in  the  readiing.  By 
previously  drying  the  blood  the  reading  is  rendered  much  easier,  because  all 
movement  of  the  blood  upon  the  slide  has  stopped,  and  thus  any  considerable 
error  of  reading  can  be  avoided. 

With  both  the  moist  and  the  dry  method  the  size  of  the  red  blocMi 
corpuscles  shows  considerable  variations,  even  in  healthy  blood.  Hayem  and 
Gmra  distinguished,  accordingly,  small,  medium,  and  large  red  blood  corpuscles. 
This  distinction  does  not  appear  to  me,  how^ever,  to  be  a  good  one,  since  it 
conveys  the  idea  that  these  groups  are  sharply  marked  off  from  each  other. 
This  is  not  the  case.  As  I  had  already  shown,  several  years  before  the 
appearance  of  the  investigations  of  these  observers,  every  transition  be- 
tween the  various  forms  is  found,  and  these  group  themselves  round  a  mean 
size,  in  the  same  way  as  the  general  conditions  of  weight  and  height  of  the 
human  body.  1  find  by  repeated  dry  measurements  of  my  own  blood  that  in 
100  observations  the  diameter  of  the  red  corpuscles  is  as  follows  : — 
1  .  .  .  .  b  fi 

1  .  .  .  .  6  „ 

27  7 

60         .  .  .  .  8  „ 

11  .  .  .  .9  „ 

This  series  gives  an  excellent  idea  of  tlie  actual  conditions.  If  the 
arithmetical  means  of  all  these  observations  are  calculated,  this  gives  the  value 
of  the  average  as  7*8,  and  the  probable  amount  of  the  individual  variations, 
according  to  the  principles  mentioned  in  the  introduction,  amount  to  about 
0'46.  The  so-calted  moist  measurement  of  the  same  blood  gives  a  somewhat 
higher  mean  average,  8*0  /*,  but  otherwise  it  leads  to  the  same  residts.  In 
many  severe  forms  of  disease  these  results  become  altered,  so  that,  in  addition 
to  red  cells  of  normal  size,  we  also  find  abnoimally  large  and  abnormally  small 
cells;  10  to  14  /i  on  the  one  hand,  and  2  to  4  fi  on  the  other — mtitrocytfs  and 
mieiwi/tea. 

In  other  cases  these  extreme  values  are  absent,  and  the  smaller  cell-forms  of 
the  normal  blood  are,  however,  found  in  disproportionately  large  numbers.     It 
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is,  however,  of  no  particular  interest  whether  average  numbere  are  found  or 
not ;  it  may  even  appear  rjuestionable  if  such  a  procecfiing  is  justifiable,  since 
this  always  assumes  that  the  observations  were  aminged  round  a  given  mean 
numlxjr  in  the  same  way  as  the  above-mentioned  series. 

To  complete  the  investigation  it  is  finally  necessary  to  stain  the  rod  cells 
artificially.  Ehrlich  distinguishes  colouring  matters  in  which  the  staining  part 
is  an  acid  or  a  Imse,  or  a  combination  of  an  acid  with  a 
base — acid,  basic,  and  neutral  stains. 

The  acid  stains  are :  picrate  of  ammonia,  rtuorescein, 
chrysolin,  orange,  indulin,  nigrosin,  aurantia,  methyleosin, 
eosin. 

Among  the  basic  stains  may  be  mentioned  acetate  of 
rosanilin  orfuchsin,  methylene-biue,  methyl-green,  bismarck 
brown,  safiranin. 

Among  the  neutral  stains  may  be  mentioned  picrate  of 
rosanilin  in  addition  to  combinations  of  the  above. 

If  a  layer  of  blood  has  been  dried  on  a  cover-glass  and 
heated  from  1*20  to  130  C.  and  stained  with  these  dyes 
or  with  mixtures  of  them,  peculiarities  can  be  shown  in 
the  white,  and  sometimes  in  the  red,  cells  of  the  blood 
(nucleated  red  blood  corpuscles  of  various  sizes)  which  in 
normal  blood  enable  us  to  distinguish  various  forms  of 
white  corpuscles.     These  are  (Fig.  168)  as  follows: — 

(1)  MiiUiitui'lenffd  fnmnyfe-'i  form  the  nmjority  of  the 
white  corpuscles;  they  contain  from  two  to  four,  mostly 
four,  nuclei,  and  are  larger  than  the  red  corpuscles. 

(2)  Lavfjf!  nnhiurU'dlet}  leuax^fit^  (large  lymphocytes)  ; 
these  are  larger  than  the  rod  corpuscles. 

(3)  Small  nninuchaled  ktiCfH'i/tfti  (small  lymphocytes), 
al)Out  the  size  of  red  coq>iiacles.  The  relatively  large 
nucleus  is  surrounded  by  a  narrow  rim  of  protoplasm. 

(4)  TranMiumal  fnrm^  with  lobed  and  irregularly  formed 
nuclei.  In  the  protoplasm  of  these  cells  finer  or  coarser 
granules  are  frequently  found. 

Neutropliik  fjranukA  (c- granulation,  Ehrlich),  which 
readily  take  up  neutral  colouring  matters.  These  are 
found  very  frequently  both  in  the  uninucleated  and  in  the 
multinucleated  leucocytes.  In  the  same  manner  the  tran- 
sitional forms  are  preferred  by  the  neutrophile  granules. 
They  are  also  observed  in  i>u8  cells.  The  granules  are 
always  very  fine. 

Eosiiiophile  granules  (a-granulation,  Ehrlich)  are  not 
so  common  in  normal  blood,  but  are  present  in  consider- 
able numbers  in  many  diseases  and  especially  in  leukiemia. 
Still  a  few  are  regularly  present  in  normal  blood,  in  the 
hirge  uninucleated,  binucleated,  and  multinucleated  cells,  which  appear  highly 
granular  even  without  st;iining. 

Ehrlich  distinguishes  further  a  /i-granulation  which  is  stained  in  acid  and 
basic  stains,  and  a  y-granulatiori  which  takes  up  basic  stains  {viasi  cells), 

A  third  constituent  of  the  bloud,  the  blootl  platelets,  still  remains  to  be 
mentioned.  These  were  undoubtedly  fii-st  seen  by  Zimmerraann,  Kolliker, 
Schultze,  and  others,  but  Hayem  and  Bizzozero  were  the  first  to  study  them 
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carefully,  and  Laker  and  Bizzozero  ultimately  succeeded  in  demonstrating  in 
the  wing  of  the  bat  that  they  are  certainly  present  in  the  normal  circulating 
blood.  They  are  rounded  or  oval  Hat  structures,  devoid  of  haemoglobin,  and 
very  much  smaller  than  the  blood-celk  (Fig.  169).  They  can  be  readily 
stained  with  aniline  dyes,  but  the  stain  is  very  evanescent. 
In  blood  removed  from  the  vessels  they  frequently  become 
grouped  together  into  small  heaps. 

Bizzozero  has  given  a  method  of  counting  these  stnic- 

"  ^i^l'  t.        tures  which  seems  to  be  very  practical.     He  first  determines 

*^i*  the   number   of   red   corpuscles  in  each  cubic  millimetre 

Fta. !«».  -  Blood  piaifH  of  blood,   then  he  puts  a  freshly  removed  drop  of  blood 

hatatrbhK^TSw* '™"   '"^"^  ^  centimetres  of  a  U  j^er  cent  solution  of  sulphate 

of  magnesia.     A  drop  of  this  mixture  is  included  between 

the  slide  and  the  cover-glass,  and  in  this  preparation  the  relative  number  of 

the  red   blood  corpuscles  and  the  blood  plate  is  determined      Finally,  there 

is  a  simple  calculation  of  the  number  of  blood  plates  in  the  cubic  millimetre 

of  blood.     It  amounts  in   healthy  people  to  about  200,000  to  500,000.     In 

many  morbid  cotiditions,  such  as  anaemia  and  leukemia,  this  number  becomes 

increased  i  in  other  cases  it  is  diminished. 
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2.  Polycytliiemia,  Qligocytheemia,  and  Leacocytosis.    Leuksemia 

The  term  pohjcythvmia  is  applied  when  there  is  increase  of  the  number  of 
red  corpuscles  contained  in  a  cubic  millimetre  of  blood.  It  is  brought  about 
by  conditions  which  result  from  loss  of  blood  plasma,  <•.//.  by  continued  mal- 
nutrition, or  by  loss  of  fluid  through  the  intestine,  as  in  intestinal  catarrh, 
cholera,  and  dysentery.  It  has  been  shown  by  Taussig  that  in  serious  cases  of 
phosphorus  poisoning  in  man  there  is  considerable  polycythittmia  (8,650,000 
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red  blood  corpuscles  in  a  cubic  Tnillimetre),  and  that,  at  the  same  time,  the 
number  of  white  cells  in  the  cubic  millimetre  is  diminished,  so  much  so  in 
some  cases  that  it  is  much  below  the  normal  limit,  being  as  low  as  2 GOO. 

Oligwtfthx^mm  nihiv,  or  diminution  of  the  nnmb4?r  of  red  corpuscles  in  the 
cubic  millimetre  of  blood,  is  generally  called  aiuvmin  by  clinicians^  for  the  sake 
of  brevity.  Ptiinanf  mormia  and  .<i'anufnrr/  nnfirnia  have  Ik^ch  distinguished 
according  as  the  condition  originates  in  the  blood,  or  in  the  organs.  Practical 
application  of  this  distinction  is,  however,  very  difficult.  In  almost  all,  or 
perhaps  in  all  cases,  pathological  changes  are  found  in  oligocjahcemia,  in  the 
form  of  proliferation  of  the  cells  in  the  blood-forming  organs.  It  cannot 
always  be  dcfinitcdy  decided  whether  these  are  regenerative  phenomena, 
secondary  to  the  changes  in  the  blood,  or  whether  they  are  the  cause  of  the 
changes  in  the  blood.  The  same  difficulty  may  arise  when  there  are 
degenerative  processes  in  severe  oligocythtemia,  such  as  fatty  and  albuminous 
degeneration  in  the  parenchyma  of  the  liver,  the  kidneys,  the  heart-muscle,  and 
other  organs.  The  distinction  between  primary  and  secondary  anaemia  is, 
therefore,  only  of  very  limited  value.  It  woukl  seem  to  be  more  important 
to  classify  the  various  groups  of  oligocythaimia,  according  to  their  mode  of 
causation. 

Oliffm/tkaitm  tmunuiika  or  oU(fncifth(emia  after  lunmmkage.  It  can  be  easily 
understood  that  this  fonn  was  known  even  in  the  early  days  of  medicine,  but 
Remak  and  Vierordt  were  the  first  to  investigate  it  by  comparatively  exact 
methods.  The  enumeration  of  the  blood  corjiuscles,  carried  out  by  Hiinerfauth 
and  Lyon,  together  with  the  researches  of  Buntzen,  which  were  published 
simultaneously,  were  the  first  to  give  accurate  data  as  to  the  changes  in  the 
bloud.  During  a  severe  hiemorrhago  it  can  be  clearly  demonstrated  that  the 
nwiiber  of  red  i'orimscles  per  cubic  millimetre  is  reduced  by  '►  to  1 5*  per  cent, 
and  this  can  only  be  explained  by  a  great  transudation  of  fluiils  from  the 
tissues  into  the  blood.  After  arrest  of  the  hiemorrhage  the  proportion  of  cells 
in  the  lilotxl  undergoes  further  changes.  In  man,  the  number  of  red  cells  con- 
tinues to  diminish  for  the  first  three  to  five  days  after  serious  h.Tmorrhages  until 
they  are  reduced  to  '2,000,000 — that  is,  one  half  the  normal  number.  After 
this  jjeriod,  however,  signs  of  regeneration  appear,  the  number  of  red  cells 
begins  to  increase,  and,  after  a  few  more  days,  three  weeks  at  the  most  after 
the  haemorrhage,  the  normal  condition  is  re-established. 

The  behaviour  of  the  white  corpuscles  of  the  blood  is  essentially  different. 
These  begin  to  increase  during  hiemorrhage  or  immediately  afterwards,  so  that 
leucocytosis  occurs,  and  continues  for  sevenil  days.  The  nural>er  of  leucocytes 
may  exceed  10,000  per  cubic  millimetre. 

In  traumatic  aniemia  it  is  the  diminution  in  the  quantity  of  the  blood  in 
circulation  which  is  the  cause  of  the  occurrence  of  oligoc^ahnemia  rubra  and 
lencocytosis.  The  manner  in  which  the  blood-pressure  changes,  and  the  relations 
this  may  have  to  the  oligocylhiemia,  will  be  mentioned  >vhen  hiemorrhage  is 
more  fully  considered  (Chap.  X.)  The  non-traumatic  oligocythi«mias  appear 
as  the  e.Kpression  of  fjeneral  nutnfive  didurltance^  as  contrasted  with  traumatic 
antemia.  The  causes  of  this  condition  are  very  v;irious.  The  fii-st  to  be 
mentioned  are  acute  and  chronic  infections  (malaria,  typhoid,  syphilis,  etc.), 
parasites  {hothrm^itludua  lulus,  tHntwrnt  hieimdiJAmn,  Hnh/lodotna  diUHlftutt*', 
jUurut  sfHiguiiuA,  etc.),  intoxications  (leail,  ai-senic).  In  other  cases,  diseases 
of  the  vital  organs,  kidneys,  intestines,  etc.,  disturb  the  general  nutrition 
and  produce  oligocythfemia.  Finally,  there  remain  a  number  of  patho- 
logical   disturbances    of    genend    nutrition    which    are    less    simple    in    their 

17 


CHLOROSIS 


etiology,  but,  at  the  same  time,  are  of  gi-eat  importaixce.  These  are  the 
diseases  which  have  been  termed  primary  aniemias,  but  without  sufficient 
grounds ;  they  are  chlorosis,  simple  (primary)  anfcmia,  and  progressive 
pernicious  anaemia. 

Chlorosis  is  a  form  of  oligocythajraia  which  occurs  chiefly,  although  not 
exclusively,  in  the  female  sex  during  and  immediately  after  puberty,  but  which 
is  sometimes  continued  into  later  periods  of  life.  The  onmber  of  i"ed  cells 
per  cubic  millimetre  of  blood  is  more  or  less  greatly  diminished,  sometimes 
being  reduced  to  one  half  the  normal  number.  The  proportion  of  hiemoglobiii 
frequently  falls  to  a  still  more  considerable  extent,  so  that  the  individual  cells 
must  also  be  deficient  in  haemoglobin  (Quincke,  Naunyn,  Leichtenstern).  The 
disease  may  be  associated  with  relative  narrowness  of  the  aortic  system  imd 
small  size  of  the  heart  (Virchow),  and  also  with  imperfect  development  of  the 
genital  organs  (Kokitaiisky).  These  anatomical  changes,  however,  are  by  no 
means  constant  and  may  exist  without  coincident  chlorosis.  We  are 
therefore  justified  in  seeking  the  cause  of  the  disease  in  abnormalities  of  the 
blood-forming  organs,  Imraermann  describes  the  disease  in  the  following 
words : — *'  Extreme  ansemic  pallor  of  the  skin  and  the  visible  mucous 
membranes,  without  imiiaimient  of  the  general  nutrition  (there  may  even  be 
marked  increase  iu  the  subcutaneous  fat) ;  signs  of  dropsy  are  comparative!}' 
rare,  and  when  present,  are  only  slight.  Muscular  activity  is  very  slight,  the 
feeling  of  tiredness  comes  on  very  quickly,  and  there  is  great  tendency  to 
dyspnoea  and  palpitation  w^henever  any  considerable  exertion  is  made." 

Associated  with  these  symptoms,  there  are  some  interesting  conditions  in 
the  retina,  which  have  been  thoroughly  investigated  by  O.  Becker,  Riihlmann, 
and  Friedrichson.  When  examined  by  the  ophthalmoscope,  the  retina  sometimes 
appears  strikingly  pale»  with  uarroiv  blood-vessels  coursing  through  it.  There 
is  nothing  remarkable  in  this  condition,  since  it  is  explained  by  the  diminution 
of  the  total  quantity  of  blood  in  the  vessels.  Much  more  frequently,  however, 
the  vessels  of  the  retina  are  seen  to  be  dilated  and  very  tortuou.s.  At  the 
same  time,  they  pulsate  more  or  less  strongly.  The  appearance  of  pulsation 
in  the  retinal  vessels  is,  in  this  case,  partly  the  result  of  the  deficiency  of 
cellular  elements  in  the  bloo*l  (Rahlmann),  The  Huid  of  the  blood  is  less 
viscous,  its  internal  frictional  resistance  is  less,  so  that  marked  pidsations  may 
be  carried  on  into  the  smaller  vessels.  Iu  addition  to  this,  as  I  have 
attempted  to  prove,  there  is  loss  of  elasticity  in  the  vessel  walls,  which  favours 
the  occurrence  of  vi.sible  pulsations,  and  explains  both  the  dilatation  and  the 
great  tortuosity  of  the  vessels. 

Similar  phenomena  are  seen  in  the  retinal  vessels  in  oligocythaemias  which 
are  not  due  to  chlorosis.  They  prove  that  the  altered  composition  of  ih©  blood 
greatly  influences  the  circulation.  It  may  be  assumed  that  the  decrease  of 
internal  frictional  resistance  in  the  blood  and  the  loss  of  elasticity  of  the  vessels, 
which  produces  their  dilatation,  will  at  first  accelerate  the  blood -stream.  If 
the  functional  activity  of  the  heart  is  unaltered,  the  blood-pressure,  in  this  case, 
must  be  diminished  in  the  arteries.  It  is  not  known,  however,  whe titer  this  is 
the  case.  It  must  also  be  remembered  tliat  the  heart  might  work  more  strongly 
in  order  to  maintain  the  pressure  in  the  aortic  system  at  lh«  normal  or  ap- 
proximately normal  height.  This  might  explain  why  the  patient  is  so  easily 
tired  and  palpitation  occurs  so  frequently. 

ShtipU-  (primary)  ttitauims  show  a  decrease  in  the  number  of  red  blood  cor- 
puscles per  cubic  millimetre  of  blood  similar  to  that  in  chlorosis.  Iu  thfir 
case,  however,  verj"  large  and  very  small  red  blood  coqiuscles  are  frequently 
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l>re8ent  in  the  blood  {mkaiciiks  when  below  5  microraillimetres,  and  macrocytei< 
between  10  and  12  micromillimetres  in  diameter).  These  anaemias  are  gener- 
ally ascribed  to  malnutrition,  deficiency  of  fresh  air  and  light,  overstrain  and 
want  of  exercise,  and  other  factors  which  impair  thi^  general  nutrition. 

Biermer  has  described  as  pn>fjrf>isue  jicnikinm  itniemia  a  form  of  severe 
oligocythiemia  which  had,  undoubtedly,  been  previously  noted  by  Zenker,  E. 
Wagner,  and  Gusserow,  Like  simple  anaemia,  this  disease  appears  to  be  the 
consequence  of  extreme  want  and  poverty,  aggravating  conditions,  such  as  preg- 
nancy, hamiorrhage,  or  diarrhtea,  being  frequently  present  in  addition.  It  is 
distinguished  by  its  intractable  nature  and  fatal  termination. 

The  conditions  found  in  the  blood  are  at  first  those  of  a  very  severe  oligo- 
cytha-mia.  The  number  of  re<l  blood  corpuscles  may,  under  certain  circum- 
stances, fall  below  300,000  in  the  cubic  millimetre,  and,  shortly  before  death, 
marked  increase  in  the  white  cells  of  the  blood  is  sometimes  observed.  The 
red  blood  cells  frequently  show"  irregular  club  and  comma-shajwd  forms — a  con- 
dition which  is  also  found  in  otlier  serious  anaemias,  and  is  termed  poikikxtflofHit 
(Fig.  170).  There  is  a  normal  or  even  increased  amount  of  hajmoglobin  in 
the  corpuscles  {Fig.  170).  Microcytes  are  also  found  in  great  numberH.  The 
change  in  the  blood  is,  as  a  rule,  accomfjauied  by  alterations  in  the  permeability 
of  the  vessel  walls,  which  may  give  rise  to  ha^raorrhagos  in  various  organs^ 
especially  the  retina. 

As  may  be  learned  from  what  has  just  been  said,  oligo 
cytha?mia  is  very  frequently  associated  with  increase,  some- 
times also  with  decrease,  in  the  number  of  white  corpuscles. 
Leucocytosis,  however,  requires  special  consideration  in 
those  cases  in  which  it  occurs  as  a  so-called  inflammatory 
leucocytosis,  as  cachectic  leucocytosis,  and  as  leukiemia. 

The  so-called  utjlanmmlmy  Ifiua^ytob'L'f,  or  better,  acute  Fio.  no.  —  Poikiiocytea 
UuaKiflosL-^^  is  an  increase  in  the  number  of  the  white  corpuscles      f!"*  '*°  normal  mi 
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contamed  in  the  cubic  millmietrc  of  bl(X>d^  ami  is  associated  hujaAn  bkod.  x  wo. 
with  acute  exudations.  In  extensive  suppuration,  in  many 
diseases  of  the  lungs  (croupous  pneumonia)  and  of  the  serous  membranes 
(fibrinous  and  purulent  pleurisy  and  peritonitis),  great  numbers  of  neutrophiles 
(multinucleated  white  corpuscles)  pass  out  from  the  vessels  into  the  tissue  of 
the  organs.  In  this  case,  however,  no  diminution  of  the  leucocytes  in  the 
blood  is  observed,  as  we  would  be  inclined  to  expect.  On  the  contrary,  the 
blood  shows  distinct  increase  in  the  numlx-r  of  leucocytes  from  12,000  to  24,000 
in  the  cubic  millimetre  of  blood. 

Tlie  cases  in  which  leucocytosis  accompanies  severe  forms  of  chronic  dis- 
turbances of  nutrition  may  be  described  as  cachectic^  or  better,  as  ckr&nk  kuat- 
Cfffitsvi,  These  have  already  been  mentioned  in  speaking  of  oligocythaimia. 
The  leucocytoses  which  occur  in  consequence  of  the  formation  of  malignant 
tumours  such  as  carcinoma  and  sarcoma,  may  be  classified  with  them.  The 
increase  in  the  white  cells  of  the  blood  (12,000  to  80,000  in  the  cubic  milli- 
metre) is,  however,  by  no  means  found  in  all  cases  of  malignant  tumour,  as  has 
been  shown  by  the  researches  of  Liicke,  Sappey,  Alexandre,  and  othei*s.  In 
such  cases  leucocytosis  rather  appears  as  an  unfavourable  prognostic  symptom, 
and,  for  this  rea-son,  is  worthy  of  attention.  It  is  very  frequently  present, 
however,  in  tumour  formation,  associated  with  more  or  less  w^ell-marked  ohgo- 
cythaemia. 

The  researches  of  Virchow  and  Neumann  have  taught  us  to  regard 
Imkusmia  as  a  disease  in  which  serious  general  disturbances  of  nutrition  are 
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associated  with  characteristic  changes  in  the  blood,  and  with  proliferation  of 
the  cells  in  the  spleen,  the  lymph -glands,  the  bone -marrow,  and  many  other 
organs.  In  these  proliferations  the  chief  feature  is  the  new  formation  of 
lymphoid  cells,  which  are  also  found  in  enormously  increased  numbers  in 
the  blood. 

Even  to  the  naked  eye,  the  pale,  white  appearance  of  the  blood  in  leu- 
ktemia  lietrays  its  serious  alteration.  Enumeration  shows,  as  a  nilc,  that  there 
is  a  considerable  decrease  of  the  red  blood  corpuscles  (2*5  to  3*5  millions  in  the 
cubic  millimetre),  and,  in  all  cases,  a  great  increase  of  the  white  blood  corpuscles 
(up  to  500,000  in  the  cubic  millimetre).  It  is  generally  agreed  that  leuktemia 
may  be  said  to  be  ]iresent  when  the  proportion  of  the  white  corpuscles  in  the 

blood  exceeds  1  to  every  100  red  corpuscles. 
For  the  practitioner  this  is  of  impoitance,  and 
can,  as  a  rule,  be  easily  and  quickly  decided 
in  every  blood  preparation.  The  numbers 
cannot,  however,  be  accurately  estimated  unless 
a  cubic  millimetre  of  blood  is  examined. 

The  majority  of  the  white  cells  in  the 
blood  in  leukiemia  are,  as  a  rule,  large  and 
mononucleated,  some  showing  eo6ino[jhile 
granulation  (Ehrlich).  These  probably  come 
from  the  bone -marrow.  Where  disease  of 
the  lymph-glands  predominates,  however,  very 
numerous  small  uninucleated  leucocytes  are 
sometimes  found.  In  addition,  we  sometimes 
may  observ^e  indirect  nuclear  division  in  the 
leucocytes,  and  lastly,  nucleated  red  blood  corpuscles  may  be  present  (Erb, 
Bottcher,  Klebs). 

The  appearance  of  Charcot- Leyden's  crystals  (Fig.  171)  in  the  blood  and  in 
the  spleen  (Neumann)  may  be  of  special  importance  in  the  explanation  of  the 
disease.  According  to  JScheiner's  investigations,  these  may  be  regarded  as  an 
organic  base,  united  to  phosphoric  acid,  and  are  evidently  a  metabolic  prodact 
which  is  present,  normally,  in  the  bone-maiTow,  but  is  formed  in  great  quantity 
in  lewkaimia.  This  condition  distinctly  indicates  that  in  leukaemia  also  the  dis- 
turbance of  metabolism  of  the  blood-forming  organs  is  the  chief  feature,  while 
the  changes  in  the  blood,  which  may  be  so  simply  demonstrated,  are  probably 
only  phenomena  which  result  from  the  disease  of  the  organs. 
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B.  Local  Circulatory  Disturbances 

The  capillary  network  is  interposed  Ijctweeri  the  terniiriui  brancbea  uf  the 
arteries  and  veins.  The  walls  of  the  capillaries  are  formed  by  a  perfectly  clear 
membrane  which,  when  examined  under  the  microscope  in  living 
animals,  shows  flattish  thickenings  :it  regular  intervals  (see 
Plate  L)  If  the  vessels  be  injected  with  dilute  sidntion  of 
nitrate  of  silver  (j  tu  J  per  cejit)  iind  the  prepanition  then  be 
stained  with  bora.x  carmine,  it  wiil  be  seen  that  the  previoiisl)' 
clear  capillary  wall  consists  of  flat  endothelial  cells,  containing 
largo  nuclei  at  the  sites  of  these  thickenings  on  the  wall  (Fig. 
172).  After  this  treatment  the  boundaries  of  the  cells  are 
marked  out  by  fine  black  lines.  These  lines  probably  con- 
sist of  albuminate  of  silver,  which  has  been  reduced  under  the 
influence  of  light. 

That  the  l)lack  silver  lines  correspond  to  the  outlines  of  the 
cells  cannot  be  doubted.  On  the  other  hand,  it  is  questionable 
whether  they  represent  the  cement  substance  placed  between 
the  margins  of  the  cells.  It  might  also  be  maintained  that 
the  narrow  spaces  which  lie  between  the  margins  of  the  endo- 
thelial cells  contain  a  fluid  which  combines  with  the  silver 
and  afterwards  becomes  idack.  For  the  sake  of  brevity,  how- 
ever, the  substance  lying  between  the  margins  of  the  endo-  ^"^^  "**  ii>«»eiiteo' 
thelium  will,  in  the  following  pages,  be  termed  centent  suhsiamr^  jectiou  witii  dilute 

more  or  less 
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without  reference    to    its    l>e)ng   more  or  less    firm    or   fluid.  sUvcr   nitrmte    »tid 
This  so-called  cement  substance  may  he  made  apparent  between   ''***"^"5f  ^^^*  ^™'' 
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the  epithelial  cells  of  raucous  membranes  just  as  between  the 
endothelium  in  the  vessel  wall  in  living  animals,  if,  by  the  improved  methods 
of  continuous  injection  suggested  by  J.  Arnold  and  myself,  colouring  matter 
be  mixed  with  the  blood,  such  as  sulphindigodate  of  80*la  (which  was  first  used 
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by  Heidenhain  for  other  purpoaes),  or  very  finely  ground  Chinese  ink  These 
experiments  sliow,  in  the  first  place,  a  fact  of  some  importance  (Fig.  172),  viz, 
that  the  finely  divided  molecules  of  ink  penetrate  the  vessel  wall  at  the  lines  of 
the  cement  substance  and  pass  into  the  tissue,  although  in  small  tjuantities.  By 
this  fact,  it  is  very  eiraply  proved  that  the  cells  of  the  endothelium  of  the  blood- 
vessels  are  not  directly  connected  with  one  another,  but  leave  spaces  between 
each  other,  which  are  certainly  very  small,  and  are  filled  up  by  a  fluid  or 
viscous  mass,  the  so-called  cement  substance. 

This  proof  is  not  completely  free  from  objection,  since  a  little  physiological 
salt  solution  {\  per  cent)  is  introduced  into  the  circulation  along  with  the  ink. 
It  is  therefore  conceivable,  as  Arnold  has  already  siiggeste«l,  that  the  salt 
solution  circulating  in  the  blood  may  have  somewhat  loosened  the  connection 
between  the  endothelial  cells  of  the  vessel  walls.  The  results  just  mentioned 
were  supplemented  in  a  very  satisfactory  manner  by  the  researches  of  von 
Recklinghausen,  Hoffmann,  Aufrecht,  Keitz,  Ponfick,  and 
Langerhans,  which  preceded  them  in  point  of  time.  FJy 
means  of  viu*ious  experimental  apparatus  these  observei-a 
traced  the  fate  of  colouring  matter  circulating  in  the  blood, 
and  showed  that  the  perfectly  normal  vessel  wall  allowed 
granidar  colouring  matter  to  pass  into  the  tissues ;  where 
solid  bodies  penetrate,  fluids  also  may  pass.  It  is  therefore 
justifiable  to  assume  that  the  cement  substance  of  the 
capillary  wall  allows  fluids  to  pass  by  pWmimr  from  the 
blood  into  the  tissues.  The  blue  coloration  of  the  cement 
substance  of  the  living  endothelium  of  the  vessels  with 
sulphindigodate  of  soda  warrants  the  further  conclusion 
that  processes  of  iUffuMmi  also  take  place  through  tiie 
cement  substance  of  the  endothelium  of  the  vessels.  I,  at 
least,  have  succeeded  in  demonstrating  that  in  these  experi- 
ments the  blue  coloration  resulted  from  a  secretion  of 
granular  sul]ihindigodate  of  soda,  and  that  this  secretion  wa« 
dependent  upon  the  amount  of  salts  in  the  tissues.  When 
u.»  froj'/t^l^'rh/rt'-  ^^^^^  ^^6  increased  by  suitable  methods  (irrigation  with  1  \ 
imcKortii«;e«nHtt««iM visible  per  cent  salt  solution),  the  secretion  takes  place  earlier  and 
^^  nu^e^'^r^cilL'e^  """  exactly  at  those  points  where  the  sulphindigodate  of  soda 
An#r  J.  AnjoJd,  X  280.  "  circulating  in  the  blood  meets  the  salt  solution  as  it 
difi*uses  into  the  vessel  lumen. 
Processes  of  diifnsiou  and  filtration  through  the  capillary  wall  go  on  simid- 
taneously.  The  experiments  of  Magendie,  Joh.  Miiller,  Emmert,  and  others 
show  very  strikingly  that  the  capillary  walls  allow  fluids  to  diffuse  tlirough 
them.  These  authors  proved  that  a  t>oisonous  substance  injected  into  one 
extremity,  passed  into  the  general  circulation  when  this  extremity  was  only 
connected  with  the  other  parts  of  the  body  by  its  arteries  and  veins,  or  even  by 
it«  veins  alone,  all  other  parts  at  the  root  of  the  limb  being  divided.  Wharton 
Jones,  in  the  years  184G-48,  published  a  series  of  eK]5eriment<«,  from  which  it  is 
learned  that  the  plasma  may  be  completely  withdrawn  from  the  circulating 
blood  in  small  sections  of  the  vessels,  if  crystals  of  sodium  chloride  or  highly 
concentrated  salt  solution  are  brought  into  contact  with  the  living  tissues  of 
the  frog.  The  investigations  of  H.  Weber,  Schuler,  Buchheim,  Gunning,  and 
myself  have  shown  that  tliese  results  are  due  to  processes  of  ditfusion  which 
withdraw  the  water  from  blood  plasma.  It  appears  to  me,  from  the  work  of 
F.  A.  Hoffmann,  however,  that  processes  of  filtration  are  of  gi-eat  imymrtance  in 
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the  interchange  <A  matter  between  the  blood  and  tissues.  Hoffmann  found 
that  in  fluid  transudations  from  the  blood  into  the  tissues  and  serous  cavities, 
serum  albumt-u  and  paraglobulin  were  present  in  nearly  the  same  proportions 
as  in  the  blood,  the  albumen  quotient — the  weight  of  the  senim  albumen 
divided  by  the  weight  of  the  paraglobulin  — undergoing  numerous  variations 
both  in  the  blood  and  in  transudations  in  different  diseases.  The  variations 
are  jiroportioned  to  each  other  so  closely  that,  in  each  separate  individual,  the 
albumen  tiuotient  in  the  blood  and  in  the  transudation  from  the  blood  are 
nearly  equal,  Jlya  and  Viglezio  have  confirmed  these  facts  in  all  essential 
points.  Now,  as  paraglobulin  diffuses  with*more  difficulty  than  senim  albumen, 
the  process  of  diffusion  must  play  a  subordinate  ruU  to  the  process  of  filtration 
in  the  passage  of  albuminous  bodies  through  the  vessel  wall. 

The  facts  which  have  been  accumulated  with  regard  to  the  transmission  of 
dissolved  and  granular  eoloiiring  material  through  the  living  vessel  wall  leave 
no  doubt  that  the  processes  of  diffusion  and  filtration  occur  between  the 
endothelial  cells  through  the  so-called  cement  suljstunce.  On  the  other  hand, 
it  must  of  coiu^se  api>ear  very  doubtful  whether  diffusion  and  filtration  can 
also  take  place  through  the  body  of  the  living  endothelial  cells  of  the  vessel, 
since  it  is  well  known  tbiit  living  cells  exercise  a  selective  action  in  the 
absorption  of  the  nutrient  material  provided  them.  This  is  probably  the 
rejison  why  sulphindigodate  of  soda,  dissolved  in  water  and  injected  into  the 
blowl,  is  exclusively  deposited  during  its  secretion  in  a  granular  fonn  at  the 
line  of  the  cement  substance  in  epithelium  and  endothelium,  while  the  cells 
imbibe  the  dissolved  colouring  matter  only  in  infinitesimally  small  amounts.  If 
the  passage  of  fluids  from  the  blood  through  the  unaltered  vessel  wall  into 
the  tisj;ue  is  to  be  called  ImMmthilum^  it  appears  that,  in  transudation,  the 
fluid  which  escapes  from  the  blood-vessels  is  the  product  of  diffusion  and 
tiltration  processes  on  the  one  hand,  and  of  metabolic  process  in  the  ciipillaiy 
endothelium  on  the  other.  In  the  tissue  and  the  tissue  spiicea  the  transudation 
then  undergoes  further  alterations  due  to  the  metabolic  processes  in  the  tissues. 

Heidenhain  also  arrived  at  similar  results  in  investigating  the  subject  of 
the  difference  of  pressure  between  the  blood  and  tissue  fluids.  He  found^  in 
agreement  with  earlier  investigators,  that  the  difference  of  pressure  is  of  great 
importance  as  regards  the  quantity  and  comfjosition  of  the  lymph,  but  that 
(tf)  the  difference  in  prcssuio  does  not  explain  all  the  phenomena,  since  attention 
nmsL  be  paid  to  the  varying  composition  of  the  blood  ;  and  that  (^')  it  is 
therefore  necessary  to  assume  thjit  the  vessel  wall  has  the  properties  of  a 
secreting  membrane.  These  experiments  of  Heidenhain  are  worthy  of  all 
lespect,  for  although  they  are  not  altogether  free  from  objection,  the  conclusions 
he  has  arrived  at  btive  been  the  means  of  suggesting  new  lines  of  research. 
He  has  estnldished  one  point,  v\z,  tbat»  after  injection  of  concentrated  solution 
of  sugar  and  sjdt  into  the  blood,  the  quantity  of  sugar  and  salt  in  the  lyraph 
eventually  beeomes  greater  than  that  in  the  blood. 

This  result  might  at  first  suggest  the  idea  that  the  amount  of  sugar  contained 
in  the  blood  gradually  falls  as  the  result  of  an  increase  in  the  excretion  of 
sugar  by  the  various  glands.  As,  however,  the  result  is  very  little  affected 
by  ligature  of  both  renal  arteries,  we  must  regard  it  as  possible  that  the 
endothelium  of  the  capillaries  has  a  secretory  function  and  secretes  sugar 
and  siilt  into  the  tissues,  until  the  blou*l  has  lost  a  considerable  portion  of 
those  8ubst4inces. 

If  the  earliest  development  of  a  vasculai-  system  l>e  traced,  Jis  I  iiave 
attempted  to  do,  the  same  views  are  amved  at  by  purely  anatomical  methods 
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(Figs.  174^  175).  llic  first  \\\im\  sjxices  are  formed  in  the  area  vasculosji 
of  the  chick  as  intercellular  spaces  which  are  filled  with  ii  perfectly  clear 
transparent  material  (Fig.  174).  This,  even  in  genninal  uresis  which  are  only  a 
few  hoius  old,  proves  to  be  a  fluid  circulating  in  the '  capillaries,  with  M'hich 
the  red  Wood  corpuscles  gradually  lie-come  mixed.  The  development  of  this 
fluid  in  the  young  capillaries,  which  are  closed  on  all  sides,  can  only  be 
described  as  a  process  of  secretion.  The  cells  from  which  the  rows  of 
nuiimentary  capillaries  are  formed,  secrete  a  homogeneous  substance,  probably 
a  fluid,  which  leads  by  its  accumtdjition  to  the  formation  of  these  i-udimentary 
capillaries. 

During  thk  process  the  surfaces  of  the  cells  turned  towards  the  fluid  assume 
a  highly  refractile  appeamncc,  like  that  found  in  other  secreting  cell  surfaces. 
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fwtk  174.— Section  from  Uie  area  iwUhcIUa  o(  the  cliiek.   lueabattKl  tweutj-'Cit^ht  houm.   i',  Th«  llmt  fulty  cloAtnl 

rudhiiwutary  capHUriro,  X  37«. 

The  contents  of  the  eiirliest  rudiments  of  the  ciipillaries  are,  as  far  as  c^n  bo 
judged,  under  a  considerable  pressui'e,  viz.  that,  at  lca.st,  of  the  sui'face  tension 
of  the  drops  which  form  the  contents  of  the  rudiraentary  capillaries.  When 
the  kmieti  of  the  rudimentary  capillary  increa.ses  in  size  this  pressure  miLst. 
bo  overcome.  From  this  we  learn  that  the  secreting  pressui-e  in  these  processes 
must  be  fjiirly  high. 

After  all  these  results,  we  cannot  exclude  the  opinion  that  the  endothelium 
lining  the  capillaries  represents  a  secreting  membrane,  which  transforms  nutrient 
material  brought  to  it,  and  gives  off  its  meLabolic  products  partly  into  the 
tissues,  and  partly  also  into  the  lumen  of  the  capillaries.  This  view  will 
find  fresh  support  from  many  facts  which  will  afterwartls  be  mentioneil.  It 
is  by  no  means  incompatilile  with  the  coexistence  of  processes  of  filtration  and 
diffusion  through  the  capillary  wall ;  indeed,  what  has  been  said  alx»ve  has 
shown  that  these  filtration  and  diffusion  processes  may  be  shown  to  take  place 
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at  tbe  so-called  cement  substance  of  the  eTidotheIi\ira  of  tlie  vessels.  It  would 
be  premature,  however,  to  decide  th:it  filtration  an<l  ditfusion  ai*e  limited 
exclusively  U>  the  cement  substance. 

Examination  of  the  further  development  of  the  area  vasculosa  of  the  chick 
leads  to  the  demonstration  of  some  relations  wtich  exist  between  the  mechanicid 
properties  of  the  blood -stream  and  the  nutrition  of  the  vessel  wall.  This  is 
not  the  place  to  give  a  detailed  account  of  the  normal  development  of  the 
vascular  system,  since  I  have  already  done  so  elsewhere.  The  general  resiUts, 
however,  of  its  investigation  deserve  to  l)e  briefly  conaidere<l,  since  they  arc 
of  great  importance  for  the  comprchoiimon  of  pathological  processes. 

The  vascular  areas  of  the  chick  show  very  i-apid  growth.  This  is,  however, 
uneqiuil,  in  so  far  as  many  of  the  blood -channels  rapidly  increase  in  length 
and  himen.  while   others  l>ec<'>me   smaller  and    finally   completely  disappeai-. 


.^y^ 


Ftc  IT.*),— Tliu  earlieal  nmllk'AUooa  uf  Uie  capillar^  network  rormed  by  Uiv  cohflucnce  of  Uic  tirigiitAlly 
ov&l,  rlwed,  ruilliuentiiry  cspfllnry  tpMses.    r,  <,  x  'i90. 

It  c'ln  be  shown  that  the  rajjid  growth  occiu^  in  those  vessels  in  which  the 
blood -current  is  very  rapid,  whilt*  the  vessels  which  have  a  slower  stream 
gradually  become  narrower  and  disappear.  This  result  may  be  summed  up 
in  the  law — the  incnii^  in,  size  vf  ihe  lumen  of  the  resael,  or  what  v<  ihc  mitf  thing, 
Hie  ifn^mt^  in  surfitcf  nf  thf  irsstl  mill^  depends  upon  ihe  mte  of  the  blfKui-curreTit.^ 
Tho  stuface  of  a  vessel  wall  ceases  to  grow  when  the  blood -cm-rent  acquires  a 
definite  rate.  The  vessel  increases  in  size  when  this  rate  is  exceeded,  becomes 
fioialler  when  the  blo<^ -stream  is  slowed,  and  disappears  when  it  is  finally 
arrested. 

This  law  which  brings  the  growth  of  the  surface  of  the  vessel  wall  into 
dependence  upon  the  rate  of  flow  of  the  blood  is,  I  consider,  the  first  and 
most  important  histo  niechanicat  principle  which  detemnnes  the  state  of  the 
lumen  of   the    vessel    under   physiological   and   pathological    conditions.      It 

^  I  linve  fttteuijitt'd  to  prove  tlib  hivr  an  far  as  concerns  the  arteries  in  the  first  place.     I«- 
vestigntiouA  ou  the  chick,  however,  prove  that  it  is  genfrally  applicable. 
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wiJI  be  further  proved,  however,  in  mtmy  places  in  the  general,  as  well  as  in 
the  s])eci:il,  p;irts  of  this  book. 

A  second  hi8to-mechanic<d  principle  may  be  added  to  this,  viz.  the  (jrotdh 
in  ihkkxe.i'i  of  ilu  vessel  wall  is  deiteudeni  Ujnm  its  tension.  Furttier,  the.  tension  o/ 
Uic  wall  u  dependent  upon  tJie  diameter  of  the  lumtn  of  the  vessel  and  trpon  the 
hhv}d--pr€mtre} 

The  proof  of  this  law  is  to  be  sought,  in  the  first  place,  in  the  varying 
strength  ol  the  wall  of  the  larger  and  smaller  arteries,  veins,  and  capillaries. 
In  certain  diseases  of  the  vessels  {arteriosclerosis,  aneurism)  there  ai'e  apparent 
exceptions  which  will  be  discussed  in  their  proper  place. 

Tho  third  histo-mechanical  principle  has  not  hitherto  been  so  completely 
demonstrated  as  the  first  two.     It  will  therefore  be  put  forward  merely  as 
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Ft<j.  I7tf.— t'ApllUry  chamielH  of  tUc  area  voaculoaa  after  Ibrty-elght  hour*'  InrabatioQ.    S,  Peripheral  end  of  tb«* 
primitive  aorta  ;  n,  h,  c,  Mte  selected  blood-cliannolft.    x  30. 

an  hypothi'siSf  which  runs  as  follows : — increase  of  blood-pr/'ssure  in  tlie  capilUiry 
nrfa.<  i^ads  U)  new  fomuilifm  of  mpiUarit'S. 

The  reasons  why  the  investigations  of  the  area  vasculosa  of  the  chick  loa^l 
one  to  this  hypothesis  will  not  be  explained  here,  as  this  has  been  thoroughly 
done  in  my  small  monograph  which  is  mentioned  below.  We  shall  rather 
attempt  to  develop  the  views  of  the  problem  of  the  circulation  which  arise 
from  these  three  histo-mechanic^l  principles.  The  considerations  which  follow 
will  show  the  importance  of  these  investigations  for  pathology. 

The  three  histo-mechanical  principles  were,  in  the  first  place,  employed  to 
explain  the  developmental  processes  in  the  area  vasciilosa  of  the  chick.     In 

'  In  A  cylindrical  tubular  vessel  with  a  circular  trauaverae  section  the  tension  of  the  waJI  in  Us 
circular  ilireotion  i»  equal  to  the  proiluct  of  the  bloofb pressure,  roulti])lietl  by  half  the  iliameter  of 
the  luruen,  i.e.  the  nulius  of  the  vessel,  as  has  alrendy  been  poiut«<J  out.  In  the  longitudiu«i 
direi^tiou,  the  tension  of  the  wall  is  equal  to  exactly  the  hnlf  of  tliis  product. 
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this  flat  extended  area  a  capillary  network  is  found  at  an  early  date  in  which 
no  arterial  and  venous  channels  can  l>e  diflerentiated  (Fig.  176}.  A  few 
channels  iire,  however,  selected  by  the  Ijlood-streara  in  consequence  of  the 
i^eneral  direction  which  is  given  to  it  hy  the  position  of  the  ends  of  the 
I»rirniti\e  aorta  oji  the  one  side,  and  of  the  venous  ostia  of  the  heart  on  the 
other.  These  channels  (Fig.  176,  (?,  &,  c)  contain  the  more  rapidly  flowing 
streams.  Thev,  therefoie,  dilate  and  become  converted  inU:>  arteries  and  veins 
(Fig.  177). 

Other  channels,  in  which  the  rate  of  the  flow  of  the  blood  has  a  certain 
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Flo.  177.^Blo(xl-vflsse]ei  tnna  ttieHrfA  viuculucu  nfUtr  Dfly-Mvpn  hoani'  incubntiou^  11ie  suiim  {isrtaB  in  Fig. 
I7fi.  5.  Periphernl  rn<l  of  the  primitive  aorta  ;<%?»,•■,  the  selwtwl  chnnuel  of  eiitrniice  to  the  caitlliltiry 
nrtwork.     V,  V,  V,  venous  exit  of  tlic  latter ;  d,  il,  d,  the  begintikng  of  th**  »won<!  ciipllliiry  iwtwork.    x  ir6"4. 

medium  force,  remain  as  capillaries,  and  lastly,  some  channels  whicli  ofter 
grcAt  resistance  to  the  stream,  and  arc  thus  very  slowly  traversed,  atrophy,  or 
disappear  altogether.  The  rapid  growth  of  the  selected  chaTuiels  diminishes 
the  resistance  to  the  blood  -  stream,  so  long  as  the  capillary  area  remains 
iinalteretl.  The  hlootl  -  pressure  in  the  capillary  area  accordingly  rises  and 
leads  to  new  formation  of  capillaries.  New  communications  are  thus  foiTned 
between  the  terminal  rannhcations  of  the  arteries  and  veins;  the  capillury 
area  is  thus  relieved,  antl  its  blood -pre^isure  falls.  Arteries  and  veins  have 
now  l>ecome  wider  and  longer,  and  the  capillary  area  has  increased  in  extent. 
A  larger  f|nantity  of  bloorl  w[]]  flow  into  il,  therefore,  and  this  Avill  involve  a 
corresponding  increase  in  the  total  resistance  to  the  stream  within  t!ie  cnlai'ged 
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capillary  area-s.     The  chain  of  processea  (lesciili€*l  muy  thereforo  be  I'epeated 
until  any  one  littk  in  the  chain  becomes  inciij^Kible  of  further  increjisse. 

If  we  consider  that  this  chain  of  jirocesses  is  constantly  repeated  within 
short  spaces  of  time,  and  that  at  ejich  time  only  a  slight  alteration  of  the 
previously  existing  relations  is  protluceil,  we  nuiy  form  a  fairly  accurate  concep- 
tion of  the  mode  of  growth  of  the  vaseukr  system. 

The  detjiiis  of  tins  will  not  be  considered  here.  If,  however,  we  apply  the 
above  principles  to  any  organ  whatever  which  has  a  longer  existence  than 
the  area  viisculosa,  we  must  admit  that  the  histo-mechanical  principles  justify 
us  in  assuming  that,  after  the  organ  has  ceased  to  grow,  the  rate  and  pressure 
of  the  lilood  in  all  its  capillaries  are  approximately  equal. 

In  this  organ^  according  to  the  hrst  histo-mechaiiictd  principle,  all  blood- 
channels  in  which  the  rate  of  flow  exceeds  a  cerUiin  maximum,  must  increase 
in  lumen  and  become  converted  into  arteries  and  veins.  Hcr'  veiWi^  all  vascular 
channels  will  disjippear  in  which  the  rate  of  the  blool -stream  falls  below  a 
certain  nunimum.  If,  however,  the  liinien  of  the  vessel  bears  a  fixed  reLition 
to  the  rat«  of  the  blood -current,  the  interval  between  the  maximum  and 
minimum  cannot  be  great.  From  this  it  appears  that,  after  growth  is  completed, 
the  rate  of  flow  must  be  fairly  uniform  in  all  the  capillaries  of  an  organ.  ^ 

The  conversion  of  capillaries  into  arteries  diminishes  the  resisUince  of  the 
btoCKl -stream,  and  leads  to  an  increase  of  pressure  in  the  aipillaries.  If,  then, 
according  to  the  tliird  histo-mechanical  principle,  new  aipillaries  are  fonned 
at  all  places  in  the  dpiliiiry  arc<i  in  which  the  pressure  of  the  blood  exceeds  a 
certiiin  limit,  these  capillaries,  again,  reduce  the  pi-essurc  by  forming  new 
connections  between  the  arteries  and  veins.  The  third  liisto-mechanical  principle, 
therefore,  implies  that,  during  the  growth  of  the  organ,  new  capillanes  are 
being  formed  everywhere,  and  that,  after  complete  growth,  the  blood-pressure 
in  all  capillary  arwis  of  the  same  organ  is  fairly  miiforni. 

The  width  of  the  himen  of  tlie  capillary  channel  at  the  close  of  the  period 
of  gi-owth  Tinist  be  almost  the  same  ii4  all  areas  of  the  same  organ,  since  it 
depends  on  the  rate  of  flow,  and  this  rate  is  imiform  in  all  cjipillaries  of  the 
siime  organ. 

These  conclusions  are  in  perfect  harmony  with  the  actual  stfite  of  matters. 
It  appe?!^,  however,  that  in  the  different  organs  there  are  great  diflcrances  in 
the  width  of  the  lumen  and  in  the  ruimber  of  their  capillaries,  in  the  rate  of 
flow,  and  in  the  c|uantity  of  the  blood  flowing  through  a  given  area  of  the  vessel 
in  a  given  time. 

If  those  facts  be  compared  with  the  results  whicli  were  obtjvined  above, 
according  to  which  the  first  vascular  sjmces,  the  rudimentar3^  capillaries,  were 
fonned  by  the  secretory  activity  of  the  cells  forming  their  wall,  we  are 
compelled  to  assume  that  the  metabolic  processes  and  other  special  characteristics 
of  the  various  organs  also  exercise  a  determining  intluoncc  on  the  peculiarities 
which  distinguish  their  capillaries.  It  must  be  imagined  that  the  individual 
chamcters  of  the  organ,  and  its  size  in  relation  to  other  organs^  decide  firstly 
the  number  of  capillaries  in  the  wholo  organ  and  iu  a  single  i^irt  of  the  organ ; 
fiu'ther,  the  special  relations  existing  lietwcen  the  rate  of  flow  and  the  lumen 
of  the  capillary  channel  ;  and  la.stly,  the  height  of  the  blood -pressure  which 
will  lead  to  tire  formation  of  new  capillaries.  If,  for  example,  the  growth  of 
the  capillaries  is  arrested  in  one  organ  at  a  rate  of  tiuw  «,  corresponding  to  a 

'  It  is  presupposed  that  we  are  dealing  witli  a  very  siraplycoustnictetl  orgau.  Orgons  which 
bave  a  complieated  vajsculnr  system  nuist  Hrst  Iw  imagine«l  ns  dividwl  into  nimpler  portions,  into 
inflividiml  vaneular  areas  which  are  of  similar  construction. 
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lumen  ft,  in  a  second  organ  the  groivth  of  the  capillary  lumen  might  perhaps  be 
.'irrested  at  a  rate  of  flow  A^  corresponding  to  a  lumen  B.  Thus,  in  the  one 
Qrgan,  capillary  new  formatiori  would  occur  when  the  pressure  of  the  capillary 
blood  exceeds  the  limit  c  :  whik-,  iti  tht*  other  organs,  this  limit  might  be  higher 
at  the  blood-pres,sure  C. 

The  number  of  capillaries,  their  lumen,  and  the  rate  of  flow  of  the  blood- 
stream passing  through  them,  determine,  as  has  been  obsen^d,  the  total 
quantity  of  the  blood  which  flows  through  the  entire  organ.  We  thus  arrive 
at  the  romai'kable  result  that  it  in  th«  otytm  itself  u'hv:k  determines  the  quantity^ 
the  rate  of  Jfini%  and  the  jtre.<sure  of  the  hhxid  fi^/wing  throuffh  it ;  mid  that  thu  in 
effected  by  inmns  of  fixed  relation.^  which  are  exjitessed  tjeiurally  in  the  thre^.  hijito- 
tfiO'hnniad  f»riticipli>.<.  'fli^.  f'midititm.^  which  pffxhice  the  uniformity  of  jtressurr  and 
rat^  of  the-  blitfHl-rnrreiU  in.  all  cajnllary  areai<  <f  ih^  same  organ  are  included  in  the^e 
prindple.^. 

According  to  the  generally  accepted  view  of  the  problem  of  the  circulation, 
which  was  formerly  quite  sutiicient  to  serve  as  a  basis  for  the  account  of  its 
general  disturbances,  the  pressure,  the  rate,  and  the  amount  of  the  blood-flow 
appeared  to  Ije  ilirectly  dependent  ujMin  the  action  of  the  heart.  According  to 
the  view  given  here,  on  the  other  hand,  it  is  the  metal»olic  processes  in  the 
organs  which  determine  flrst  for  the  individual  organs,  then  for  the  whole  of 
the  organs — that  is,  for  the  circulation  as  a  whole — the  amount  of  blood  propelled 
within  a  given  time,  its  pressure,  and  its  rate  of  flow.  In  this  case,  the 
working-power  of  the  heart  appears  as  the  etpiivalent  of  the  sum  of  the  histo- 
raechanical  demands  made  by  the  organs. 

This  result  is  also  in  complete  accordance  with  the  actual  facts.  The 
observations  of  pathologists  have  shown  clearly  that  the  functional  activity  of 
the  heart  invariably  increases  when  even  a  single  organ  makes  larger  demands 
upon  the  circulation.  This  fact  is  very  strikingly  illustrated  by  the  great 
enlargement  of  the  heart  in  those  who  do  harrl  bodily  work  for  long  periods. 
This  enlargement  of  the  heart  is  usually  still  more  marked  when  it  is  the 
result  of  extensive  disease  of  the  systemic  capillaries.  In  the  diseased 
capillary  areas  the  resistance  which  the  blood -stream  has  to  overcome  is 
increased,  but  the  result  is  not  an  insuflScient  supply  of  blood  to  these  areas, 
but  an  increased  action  of  the  lieart-mwscle  which  overcomes  this  heightened 
resistance. 

The  subject  of  local  circulatory  disturbance  in  individual  vascular  areas 
cannot  be  satisfactorily  treated  without  considering  this  depetulence  of  the 
blood-stream  upon  the  local  metabolic  process.  The  question  then  generally 
arises,  How  the  condition  of  the  blood-stream  in  the  capillaries  influences  that 
in  the  arteries  and  veins,  and,  inee  tv/wl,  how  the  arterial  and  venous  streams 
influfnce  that  in  the  capillaries?  A  fuller  examination  of  the  blood-stream 
in  the  capillaries,  aiteries,  and  veins  is  required  for  the  solution  of  these 
questions ;  for  although  it  has  been  shown  that  the  functional  activity  of  the 
heart  is  dei»etident  upon  the  capillary  circulation,  the  special  connecting  links 
Vjetween  the  two  have  still  to  be  demonstrated. 

It  is  here  that  microscopical  investigation  of  the  circulation  of  living 
animals  is  in  its  proper  place.  For  this  purpose  various  apparatus,  simple 
an<l  complicated,  have  been  made  use  of.  AVhen  it  is  desired,  however,  to 
determine  actually  existing  relations,  it  will  be  necessary  fio  to  protect  the  pirt 
of  the  animal  under  the  microscope  from  external  injuries,  such  as  evaporation, 
the  presence  of  organisms,  etc.,  in  such  a  way  that  for  some  hours,  at  least,  the 
relations  of  the   circulation   remain  constant^  so   long   as    new   experimental 
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the  mesentery  which  is  stretched  upon  the  glass  pUte  A'  Thia  Haiti  has  also  been  prcvioiuly 
wanned  in  the  water-bath  B.  The  two  small  glass  bottles  in  the  watLM-bath  serve  to  remoTi! 
the  air-bahblea  which  are  formed  in  warming  thi'  varioiiJi  fluids. 

These  apparatus  are  soh!  by  Jun^  in  Heidelberg.     Further  details  tsrill  ho  found  ia  toy 
pajvers  quoted  at  the  eud  of  the  ehapttr. 

If  the  circulation  of  a  living  animal  be  examine<.]  under  the  microscojye,  it 
will  l>o  seen  in  cold-hlocnled  as  well  as  in  warm-ldooded  iinimals  that  the  blood- 
eurrent  divides  into  a  marffinal  sirmm,  cither  free  from  cells  or  containing  very 
few,  and  into  an  nj^il  stnaui  containing  many  cells. ^ 

In  warm-blootled  animals  this  is  well  marked  in  the  cApillaries,  arteries, 
and  veins,  so  far  as  they  can  be  examined  microscopiailly.  The  results  which 
will  afterwards  be  discussed  undor  thrombosis  show,  fiulher,  that  it  is  prolwble 

that  in  all  vessels,  even  in  the  aorta, 

7i'/ 


\^ 


pulmonary  artery,  and  vena  cava  in 
man,  there  is  a  marginal  zone  in  the 
blood-stream  free  from  or  containing 
very  few  corpuscles.  The  appear- 
ance of  the  l>lo<xl- stream  in  oligo- 
cythiemia  is  of  grejit  general  interest 
(Fig,  180).  In  this  case  the  marginal 
zones  are  very  broad,  and  it  is  seen 
that  currents  in  the  veins  which  have 
become  confluent  run  for  a  long 
distance  side  by  side,  but  quite  sepa- 
rate from  each  other.  I  oucc 
observed  the  same  phenomenon  in 
the  aorta  of  a  living  chick,  in  which 
the  streams,  proceeding  from  both 
aortas,  were  visible  in  the  tnmk  of 
the  descentling  aorta  beside  each 
other  for  a  long  way.  Similar 
results  are  found,  lastly,  in  the  large 
arterial  anastomoses  of  the  mesentery 
in  warm-blooded  animals  (Fig.  181). 
From  these  facts  the  important 
conclusion  may  be  dniwn  that,  in  tht 
blood-carreiitf  the  Mhimns  in  tht  streams  vsualhf  run  paniUcl  la  e<nk  other  and  uttUf 
o.^sutM-  mnvertfiiii}  and  divmiiug  direciknu  at  the  bra)uiirs  and  th^  mlvc.^.  In  what 
follows  I  shall  apply  the  term  ixisndar  iufermHie  to  the  piu'ts  of  the  vessels  be- 
tween two  valves  and  between  two  points  of  division  as  far  hb  they  are  traversed 
by  parallel  coliunna  of  blood  {U:  where  all  the  pirts  of  the  blood-atream  flow  in 
j)arallel  lines).  By  means  of  corrosion  of  arteries  which  have  been  previously 
injected  inth  ixiraffin,  it  can  be  provtjd  that  these  internodcs  ;u-e  always  in  the 
arteries,  at  Icjist,  of  uniform  width,  ami  either  circular,  or  where  the  vessel  runs 
a  curved  course,  almost  ellipticiil  in  transverse  section.  If  the  various  columns 
in  the  stream  run  parallel  to  eiich  other  in  the  internodes  of  the  vessel,  it  may 
be  inferred  that  within  the  inicrnodes  of  ike  vei<sels  (he  presmrc  of  the  bloodstream 
i<  equal  at  all  painL-i  of  inte  and  tJuf  mmc  traiuiperse  serium-.  For  if  the  pressure  at 
flift'erent  points  of  the  same  transverse  section  of  the  blood -channel  wore 
uneijual,  the  fluid  jmrticles  would  be  forced  to  run  in  directions  which  diverge 

'  The  red  blood-cells  of  the  frog  are  so  large  ilmt  in  many  capillaries  they  take  up  the  whole 
breadth  of  the  lumen  ;  otherwise,  the  relations  arv  the  ftatue. 


n 


Kio.  181.  —  Arti'rial  niiMtoOioMa  of  tin?  ineneiitury,  the 
marginal  utrcaai  \v1iit(.>,  axisil  ittniflui  dark,  (j,  i^hematic 
trtnsvcrtfi  aMstii^in  through  Hie  nrterJal  branch. 
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from  the  axis  of  the  vfsscl.  The  equality  of  pi*essure  at  all  points  of  the  siime 
transverse  section  of  the  streiim  is,  however^  the  postulate  ujjon  which  Poiseuille 
Kased  his  investigation  into  the  How  of  fiiiids  in  capillary  tubes.  Jacobsou 
atid  Neumann  ha\'e  shown  that  Poiseuille's  result  is  applicable  to  glfiss  tubes 
of  larger  c;ilibre.  From  the  mathematical  ailculations  of  Neumann  it  may  be 
<ledueed  that  the  rate  t^  at  any  point  of  the  transverse  section  of  the  internodes 
of  the  vessel  which  is  at  a  diBtant-e  r  from  the  axis  of  a  vessel,  is  equal  to 

'"''iR^-R,-^ 
where  v^  represents  the  rat«  of  flow  of  the 
stream  at  the  distance  Kj  from  the  axis?,  aud 
R  signifies  the  radius  of  the  lumen  of  the 
vessel. 

This  result,  which  I  have  developed 
more  fully  in  my  investigation  into  the 
histogenesis  and  histo-mechanism  of  the  vjis- 
ciilar  aystera,  may  be  easily  stated  as  follows. 
In.  a  ttotLiViiiif  st^ctum.  0/  any  iHiernodc  of 
41  ves.'^d  all  fhc  jHirtide.'^  of  the  bUni  which 
lie  ai  the  stfnn'  di4amc  fmm  iU  qjia  pm  at 
the  same  rale.  The  blood  tiows  in  concentric 
laminae  'in  such  a  mannei-  that  the  layers 
nearest  to  the  axis  How  more  rapidly  than 
those  layers  uf  the  stream  which  are  nearer 
the  wall.  The  most  external  layer,  touching 
the  wall,  stands  still  The  rate  of  flow  of 
the  seiJarate  layers  has  been  given  in  the 
above  formida,  which  is  indicated  graphically 
in  Fig.  182.  The  rate  of  flow  of  the  stream 
at  the  various  points  of  the  titinsverse  sec- 
tion of  the  internodo  is  proportional  to  the 
length  of  the  dotted  lines  in  Fig.  182. 
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So  far  as  we  are  in  a  position  to  esti- 
mate microscopically  the  rate  of  flow  of  the 
blood -stream  at  the  various  i>oints  of  the 
transverse  section  of  a  vessel,  we  can  conflrm 
this  mathematical  derluction.  The  investiga- 
tion of  the  stream  at  branches  and  valves  is, 
however,  much  more  diflicult.  In  the  living 
animal  the  axial  stream  is  seen  to  become 
narrowed  at  the  opening  of  the  valves,  and 
behind  the  folds  and  pouches  of  the  valves 
are  cddirs  in  which,  at  most,  only  a  few  cells 
are  found. 

Where  the  arteries  and  vein.s  branch,  on  the  other  hand,  no  marked  change 
of  the  current  can  l>e  recognised,  although  corrosion  of  arteries  that  have  been 
injected  with  paraffin  shows  that  the  bed  of  the  stream  has  a  larger  transverse 
section  than  the  internotlo  of  the  vessel  close  to  it  on  the  cardiac  side  (Fig.  1S3). 

Paraffin  injections  of  the  aorta  frequently  show  that  the  blood-strejim  must 
have  been  slightly  swollen  at  the  origins  of  the  lumbar  and  intercostal  arteries 
(Fig.  184).  These  swellings  show  great  similarity  to  the  groJips  of  fluid 
<.^olumns  which,  in  Fig.  183,  pass  into  the  lateral  branches.     Speaking  generally, 


Km.  l«u\— Scheme  uf  Uie  rat*;  of  flow  i»f  Uie 
IiIoinI  ill  a  cyliitilrleal  vrHj<«l.  I'lie  length 
iif  tha  dottjiKl  lia<M  indicaten  lUo  Ui^tanfic 
wkich  the  lArticles  i»f  th«  Ituid  which  He 
ill  the  trmnnvente  .-M'ctioii  DK  tmverw  lu 
tFifl  saiiie  period  of  tiuie. 
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therefore,  it  may  be  supi>08ed  that  there  is  no  irregukr  intercroseing  of  tho 
currents  at  the  places  where  the  arteries  branch.  At  iht  Ufnrcutiim  of  the 
urteri^.'i  the  r«/VTn/,s  sqwiralc  from  each  other  in  the  mm^  regtilur  manner  in  which  thct/ 
join  tofjether  at  Uw  hifnraitim  of  the  reins  (Fig.  180). 

It  htia  been  shown  above  how  the  organs  deterioine  the  rate,  the  pressiii-e, 
and  the  amount  of  blood  which  flows  through  their  capillaries.  They  also 
determine  the  nearly  equaP  amount  of  blood  which  Hows  through  the  afferent 
arteries  and  the  efferent  veins?  in  u  given  time.  It  depends,  then,  upon  the 
\vidth  of  the  lumen  of  these  large  vessels  what  the  rate  and  pressure  of  the 
blood  within  them  shall  be. 

The  Inmitia  of  the  arteries  and  veins,  as  will  afterwards  be  seen  in  the 
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Fto.  18S.^The  division  of  «n  artery  iihowiug  tbe  tiluod'streatu,  Crom  Ui«  Uiaipie  of  the  froft.  n,  h\icuii»iue  or 
tlia  uticroHCoite  on  Utc  axix  of  tbe  ftrteries ;  J,  fbcoulag  on  the  surtece  of  tho  utreaiu ;  g,  acht^niatic  tm«»- 
verxe  Htellon  of  tlic  artery  on  which  tho  ]mrtof  the  itrMm  thiit  goes  to  tho  hteml  braitch  is  Jistinctly 
titarlved  out.    x  205. 

consideration  of  the  diseases  of  tbe  circulation,  also  stand  in  a  certain  relation, 
in  accordance  "with  the  iirst  liisto-mechanical  principle,  to  the  rate  of  flow 
of  the  stream.  During  growth  these  large  vessels  dilate  until  a  certain 
rate  of  tho  stream  is  attfiined.  This  rate  is  possibly  not  the  same  in  all 
arteries  and  veins ;  but  thei'e  are  many  important  points  of  similarity,  howe\'er. 
In  the  same  space  of  time  as  great  an  ainonnt  of  blood  passes  through  the 
trunk  of  the  jjiduionary  artery  us  through  the  aorta.  The  pubnonary  arteiy, 
also,  is  nearly  as  mde  as  the  ascending  aortii.  Tho  aveiage  late  of  the  currents 
in  both  must  therefore  be  almost,  if  not  quite,  the  same. 

I  have  calculated  the  are;i  of  trans\'erRe  sections  from  the  numerous  meafture* 

^  Nearly  equal,  since  the  iymphfttics,  evaporation,  etc.,  iiiukf  the  amount  of  blootl  wliieh  leaves 
an  organ  rather  less  thntx  that  which  enters  it. 
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ments  of  the  circumference  of  the  vessels  published  by  W.  F.  Bencke,  and  have 
stated  them  in  my  investigations  into  the  histogenesis  and  histo-mechauism  of 
the  vascuhir  system.  From  these  it  app&ired  that  the  area  of  the  transverse 
sectio!!  of  the  lumen  of  the  ascending  aorta,  when  its 
growth  was  completed,  was  equal  to  the  sura  of  the  areas 
of  the  transverse  sections  of  its  branches.  1  examined  as 
its  bmnches  the  two  carotids,  the  two  suljclavians,  the 
descending  aorta  at  the  junction  of  the  upper  and  middle 
third  of  its  length,  and  the  intercostal,  bronchial,  and 
mediastinal  arteries  given  off  from  the  triuak  of  the  aorta 
above  this  situation.  In  the  same  maimer  the  transverse 
set-tional  area,  when  growth  was  completed,  of  the  ab- 
dominal aorta  {2  centimetres  above  its  bifurcation)  was 
found  to  be  equal  to  the  sum  of  the  transverse  sectional 
areas  of  its  branches,  the  two  common  iliacs,  the  median 
iiiicT-al,  the  most  inferior  ^wiir  of  lumbar  arteries,  and  a  few  smaller  branches. 

These  relations  are  also  found  in  the  arteries  of  the  tongue  and  the  web 
in  the  living  frog.      If  disturbances  of   circulation  are   excluded    as    far   as 


Fto.  18<.— ParanUi  rast  of 
the  aorta  onJ  Um 
origin  uf  two  laniljnr 
arteriea,  x8"2. 


Fio.  185.'— DIvbioti  or  an  artory  uf  tlio  frot^H  tuugue.     Bale  of  the  axUl  stream  equal  tti  tin-  Art«r>  and  the 
bmnclies  (liuaionomoua  branching). 

}x>ssibk%  it  will  here  be  found  that  the  traa'^verse  sectional  areas  of  the  main 
arteries,  which  may  easily  be  reckoned  from  their  diameters,  are  equal  to 
the  sum  of  those  of  their  branches  (capillaries  being  excluded  from  con- 
sideration), When  deviations  from  these  relations  occur,  they  ai-e  ti-ansitory, 
such  as  are  brought  about  by  variation  in  the  tonic  innervation  of  the 
vessel  wall. 

These  results  show  that,  very  often,  and  certainly  at  all  points  where 
they  have  licen  closely  investigated,  the  tmw^vers^  firdwmd  arem  of  tlie  luintn 
of  ilie  arkrial  trunks  are  I'liiud  to  the  sum  of  the  transverse  seclinmil  arm.'«  of  their 
brancfn?^.  For  the  sake  of  brevity,  I  have  named  an  arterial  nimification  which 
fulfils  these  conditions,  an  ^^fiprimlcut  arftridl  ramificatimi"  (diumo  aeqnobilU)^ 
(measurements  always  being  taken  at  the  internodes). 

If  it  be  remembered  that  the  (|uantity  of  blood  which  flows  in  a  given 
time  through  the  transverse  section  oF  an  artery  is  always  equal  to  the 
amount  of  blood  which,  in  the  same  time,  flows  through  all  its  branches,  it 
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will  be  recognised  that  in  an  ** equivalent  arteriaJ  ramification"  only  two 
conditions  are  possible  as  far  as  concerng  the  rate  of  the  flow  in  the  middle 
of  the  stream.     Either 

the  average  rate  of  the  current  is  equal  in  the  trunk  and  in  the  branches 

or 

the  average  rate  of  the  current  is  in  the  one  branch  greater,  and  in  the 

other  branch  less,  than  in  the  trunk  {hri^r^momou^  Tamijuxition). 

In  general,  the  rate  of  flow  in  the  trunk  and  in  the  branches  is  equal  "in 

equivalent  ramifications  "  under  normal  circumstances.     This  may  be  concluded 

from  the  behaviour  of  the  blood -stream  in  the  trunks  and  branches  of   the 

arteriea.      The  axial  stream  appears,  universally,  aa  an  almost  homogeneous, 

finely -striated  coliunn,  while  the  marginal 
stream  generally  oonsiats  of  a  stream  of 
plasma  only,  into  which  a  few  white  blood 
corpuscles  dip  for  a  moment.  Experimental 
investigations,  which  will  afterwards  be 
described,  show  that  even  slight  alterations 
in  the  rate  of  flow  of  the  stream  are  suflS- 
cient  to  render  the  axial  stream  either  com- 
pletely horaogeneoue  or  coarsely  striated, 
(f  and,   at  the    same    time,    to    modify   the 

number  of  white  cells  in  the  marginal 
stream.  Since  the  blood -stream  is  of  a 
uniform  appeiirance  in  the  trimk  and 
branches,  if  no  disturbances  can  be  detected 
by  the  microscope,  we  are  justilied  in  sup- 
posing that  the  ramification  is  homonoraous, 
and  all  the  more  so,  since  the  aspect  of  the 
stream  of  blood  doos  not  change  after 
rapid  branching  (capillary  areas  being  left 
out  of  consideration).  ObWously,  diti'er- 
cnces  must  appear,  at  least,  after  rei>eated 
branching  of  the  strefim,  if  wich  indiindual 
division  causes  even  slight  alterations  in 
the  rate  of  flow.  If  there  is  nu  diflerence, 
WQ  may,  arguing  backwards  from  the  con- 
fitjincy  of  the  average  rate  of  current,  prove  the  uniform  value  and  the  homono- 
raous character  of  the  ramification.  Sometimes,  however,  disturbances  in  some 
cjipillary  areas  sot  in  during  such  investigation.  It  is  then  ol>servcd  that  the 
stream  flows  more  <]uickly  in  one  branch,  and  more  slowly  in  another  branch, 
than  in  the  trunk.  A  well-marked  disturlmnce  of  this  kind,  brought  about  Ity 
laceration  of  the  peripheral  circulatory  areas,  is  shown  in  Fig.  186. 

Horaonomous  nimification  of  the  arteries  seems  to  be  the  general  rule. 
The  transverse  sectional  area  of  the  main  artery  is,  in  this  case,  equal  to  the 
sum  of  the  transverse  sectional  areas  of  its  branches,  and  in  all  the  arteries 
the  blooil -current  has  the  same  average  rate.  From  this  result  it  follows,  at 
the  Siime  time,  that  the  quantity  of  blood  which  flows  through  the  transverse 
section  of  any  artery  whatever  in  such  a  system,  \Aithin  a  gi\en  time,  is 
proportional  to  the  ti-ansverse  section  of  the  artery.^ 

'  The  qiiiLDtity  of  blood  which  Haws  through  is  therefore  also  proportional  to  the  square  of 
the  radiu*  of  the  lumtn  of  the  arteries. 


Fia.  18«.— BiftJTcaUon  In  an  urtcry  of  U»e  rrog's 
lougiie.  As  a.  result  of  periphcial  ciretiU- 
tory  disturbiuccB  tin?  BLr*aiu  is  slower  in 
the  one  branch  i^,  and  more  rapid  in  tlio 
'*ther  branch  O],  th&n  iu  the  tnink  c.  Thin 
lA  ftn  ttt^tiwUnt^  but  »tiU  a  hrteronomoui 
iiaQiiUcatloii. 
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This  is  the  conseriuence  of  the  fixeti  relations  which  are  expressed  in  the 
tiret  histo-mechiinicftl  principle.  The  reason  haa  filre^idy  been  given  why  it  is 
necessary  to  assume  that  it  ia  the  parenchyma  of  the  organs  which  determines 
the  rate  of  How,  the  pressure,  and  the  qmintity  of  blood  which  pisses  through 
its  capillaries.  The  quantities  flowing  through  the  afferent  Jirteries  of  the 
organ  are  thus  given  at  the  siime  time,  and  the  result,  stated  here,  shows  that 
the  luinina  of  the  arteries  during  growth  increase  until  a  certJiin  uniform 
axial  rate  of  flow  is  obtained  throughout  the  whole  arterial  system.  The 
relation  between  the  growth  in  the  surface  of  the  vessel  wall  and  the  rate 
of  flow  of  the  blood  is  appjirent  here.  The  flrst  histo-meehanical  principle 
has  the  follo\\ing  significance  as  regards  the  normal  arteries,  in  so  far  as  the 
raniiticfdions  are  homonomous — viz.  tSiat  the  lumen  of  the  artery  dilates  or 
contracts  until  a  certain  average  rate  of  flow  is  obtiiined. 

Since,  according  to  the  first  histo-mechanical  principle,  the  hunen  of  the 
artery  is  detemiined  by  a  certjiin  average  rate  of  flow,  the  conditions  are 
pro\ided  which  give  directly,  as  a  necessary  consequience,  the  arterial  pressure 
of  the  blood. 

If  the  rate  of  flow  be  converted  into  its  equivalent  pressure,  as  can  easily  be 
done  according  to  mechanical  principles,  the  sum  of  the  lateral  pressure  of  the 
blood  and  of  that  corresi>onding  to  the  rate  of  flow  of  the  stream  can  be 
estimated.  The  law  would  then  hold  good  that  these  sums  of  the  two  pressures 
change  at  each  transverse  section  of  the  channel  by  an  amount  equivalent  to 
the  value  of  the  frictional  resistance.  Therefore,  if  the  organs  themselves 
determine  the  pressure,  the  rate  and  qiumtity  of  blood  at  those  places  where 
the  arteries  terminate  in  the  capillary  network,  and  if  the  lumen  of  the  arterial 
channel  and  the  average  rate  of  ciuTcnt  of  the  blood  arc  fixed  by  the  first  histo- 
mechanical  principle,  we  can  obtain  by  mechanical  laws  the  height  of  the  arterial 
pressure  at  each  {wint  of  the  arterial  channel,  the  pressure,  the  quantity 
of  blood  flowing  tlirough,  and  the  rate  of  cun*ent  in  the  ascending  aorta,  and 
also  the  work  pei-formed  by  the  heart. 

These  are  hypotheses  which,  at  present,  only  apply  to  the  ideal  normal 
stream  in  the  vascidar  system.  The  varying  activity  of  the  organs  produces 
constant  changes,  and  many  diseases  introduce  disturbing  factors.  In  the  first 
pljice,  the  tone  of  the  vessel  has  a  regulating  influence.  In  these  processes  it  can 
be  imagined  that  the  periphcml  vaso-motor  nerve  centres,  ixjstulated  by  v.  Goltz, 
are  acting.  Perhaps  it  is  the  vessel  wjill  itself,  or  more  accurately,  the  muscle 
of  the  vessel  wall,  which  acts  fii-at.  In  any  case,  it  is  observed  that  every 
disturbance  of  the  circulation  of  the  blood  produces,  in  the  first  place,  altera- 
tions in  the  tone  of  the  vessel  which  again  reduce  the  arterial  ramification 
completely  or  very  nciirly  to  a  homonomous  condition.  If  the  tongue  of  a 
previously  curariaed  frog  be  drawn  forward  for  microscopical  examination, 
very  noticeable  disturbances  occm'.  The  tongue  becomes  red,  and  if  the 
rauiifitatioiis  of  the  vessels  be  now  measured,  it  wUl  be  found  that  there  is 
considerable  dcviiition  from  the  homonomous  nature  of  the  ramification. 
Twenty  to  thirty  minutes  later,  a  considerable  distiu'bance  of  circulation  is 
Btill  present,  the  tongue  is  still  very  led.  The  measurement  of  the  vessels, 
however^  apart  from  the  arteries  which  lead  to  the  lacerat-ed  margins  of  the 
organs,  gives  an  equivalent  ramification,  and  in  the  arterial  trunks  and  branches 
the  rate  of  flow  of  the  stream  is  everywhere  equal  The  homonomy  of  the 
ramification  is  again  restored,  although  the  arteries  are  undoubtedly  more 
dilated  than  usual. 

In  many  other  disturbances  of  circulation  similar  conditions  ace  observed. 
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Wliere  tonic  innervation  is  not  Butficient,  however,  to  compensate  for  tbe 
disturbance  completely,  an  eccentric  or  concentric  growth  of  the  arteries  takes 
place,  so  long  <is  the  arterial  wall  is  otherwise  lyeHcct.  Where,  on  account  of 
disease  of  the  vessel  wall  oi"  of  excessive  disturbiuice  of  the  circulation,  this  i» 
not  siifficient,  new  connective  tissue  forms  in  the  intima  of  the  arteries  and 
veins  which,  finally,  more  or  less  exactly  adapt*?  the  lumen  to  the  stream  of 
blood.  In  every  case,  however,  as  far  iis  can  be  seen  at  present,  the  final 
result  of  disturbances  of  the  circulation  of  the  blood  will  be  the  restoration 
of  the  homonomy  of  the  ramification,  although  such  a  termination,  which 
would  come  near  to  complete  recovery,  ia  not  often  reached  in  serious  diseases. 
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I.  Coa^Iation  of  Blood  and  Thrombosis 

The  blood  may  coagulate  within  or  without  the  vessels,  and  before  or 
after  death. 

The  proHcess  of  coaguhition,  according  to  the  investigations  of  Alexander 
Schmidt,  depends  on  the  chemical  union  of  two  albuminous  substances 
contained  in  the  blood,  namely,  fibrinogen  and  fibrinophistin.  This  union 
takes  place  under  the  influence  of  a  special  fibrin  ferment. 

The  more  recent  researches  of  Freund,  Arthus,  und  Pages  show,  however, 
that  fibrinogen  and  fihrinoplastin  may  combine  without  the  intervention  of  a 
ferment,  whenever  an  excess  of  lime  sidts  appear  in  the  blood  plasma. 

It  must  be  left  to  future  investigations  to  determine  which  of  these  views 
is  correct.  The  fact^  which  Briicke,  Baumgarten,  and  Freund  have  established 
with  regard  to  the  jihysical  conditions  necessary  for  coagulation  of  the  blood  are 
of  special  importance  for  pathological  anatomy.    Briicke  and  Baumgarten  showed 
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that  blood  contained  within  double-ligatured  healthy  vessels  coagulates  ex.- 
treraely  slowly.  It  may  remain  fluid  for  days,  even  for  weeks,  especially 
when  the  double-ligatured  vessel  is  left  in  the  body  of  a  living  animal. 

The  explanation  of  tliia  experiment  is  not  eas}^  But  Fround  lias  recently 
sho^vn  tbat  the  blood  may  also  remain  fluid  for  a  very  long  time  in  glass 
vessels  smeared  with  vaseline,  p^o\^ded  decomiX)8ition  is  prevented.  Freund 
thinks  that  clean  glass  surfaces  that  have  not  been  lubricated  with  oil  destroy 
some  of  the  red  corpuscles  that  adhere  to  them,  dissolve  them,  and  in  this 
way  bring  about  coagulation.  Freund's  view  is  supported  by  what  is  observed 
in  counting  blood  corpuscles.  If  the  blood  is  mixed  with  one  hundred 
volumes  of  solution  of  common  salt,  and  the  number  of  cells  then  counted 
several  times  over,  it  is  found  that  there  is  a  gradual,  though  certainly  a 
small,  diminution  in  the  number  of  the  red  corpuscles. 

All  observers  are  agreed  that  the  solution  of  the  red  corpuscles  causes 
coagidation,  although  they  differ  as  to  the  explanation.  80  that  from  this 
experiment  but  little  can  be  concluded  as  regards  the  chemical  theory  of 
coagulation-  It  shows,  however,  that  apparently  unimportant  changes  in  the 
condition  of  the  vessel  wall  may  cause  coagulation,  and  this  result  is  confirmed 
by  the  observations  of  many  pathologists. 

Some  hours  after  death,  sometimes  sooner,  sometimes  later,  a  more  or  less 
extensive  coagulation  occurs  within  the  vessels  of  the  cadaver.  When 
coagulation  is  rapid  the  coagula  are  uniformly  dark  red,  resembling  the  masses 
of  clot  which  fomi  in  a  few  minutes  after  the  blood  has  escaped  from  the 
vessels.  If  the  fumf-minkw  coagidation,  however,  is  slower,  greater  ditFerences  in 
the  colour  of  the  thrombus  appear.  The  red  blood  corpuscles,  being  specifically 
heavier,  sink  before  coagulation  begins.  Then  in  the  liearfc  and  in  the  larger 
vessels  the  upper  layers  are  transformed  into  lu^ift,  ytlhmhh.,  huffi}  rmgida,  while 
the  deeper  layers,  which  now  contain  a  greater  number  of  red  corpuscles, 
appear,  con'esjKJudingly,  as  a  dark-red,  jelly-like  majBS. 

Coagulation  of  blood  within  the  living  vessels  is  termed  ihronibosi^.  IVhite^ 
red,  and  mired  thrombi  are  distinguished. 

Zahn's  researches  have  shown  that  the  condition  necessary  for  the 
formation  of  a  ichi^e  fhirmibuH  ia  a  mo-ving  blood-stream.  The  marginal  zones 
of  the  blood -stream  in  the  larger  vessels  ajrpear  to  be  free  from  red  cells.  If, 
therefore,  any  part  of  the  vessel  wall  is  so  altered  as  to  induce  coagulation,  the 
cnlourless  marginal  zones  coagulate.  Since  new  marginal  zones  which  are  free 
from  red  cells  continue  to  be  formed  round  the  thrombus,  the  thrombus  which 
continues  to  grow  remains  white,  so  long  as  it  does  not  completely  fill  the 
vessel  and  iuternipt  the  blood-stream. 

This  fact  can  be  easily  demonstrated  if  the  tongue  of  a  curarised  frog  be 
stretched  on  a  suitable  apparatus,  then  continuously  irrigated  with  a  H  per 
cent  solution  of  salt,  and  thereafter  a  part  of  the  raucous  membrane  with  its 
papilUe  removed  by  means  of  a  knife.  At  the  mouths  of  the  arteries  and 
veins  divided  by  this  operation,  cauliflower  dike  masses,  consisting  of  iibrin  and 
white  corpuscles,  are  formed  in  a  few  minutes  (Fig.  187). 

The  continuous  coagulation  of  the  marginal  zone  of  the  escaping  blood- 
stream idtimately  closes  the  mouth  of  the  bleeding  vessel 

Similar  thrombi  are  formed  on  the  wall  of  blood-vessels  which  have  been 
injured  chemicidly  or  mechanically. 

In  such  cases  in  warm-blooded  animals,  as  is  shown  hy  the  researches  of 
Bizzozero»  Eberth,  and  Schimmclbusch,  what  is  first  observed  is  the  adherence 
of  blood  -  platelets   to   the   wall  of  the   vessels.     The  blood  -  platelets  cohere 
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{c/m^luimalkm)  and  form  small  heaps,  which  eventaally  become  transformed 
into  a  more  or  less  coarsely  granular,  or  homogeneous,  ftrmly  cohering  mass 
(mcmin  infUivwrphom). 

Fibrin  masses  containing  varying  quantities  of  white  blood  corpuscles 
then  become  attached  to  these  masses*  of  blood-plates  and  of  their  products. 

The  white  thrombus,  as  it  is  met  with  in  the  vessels  of  man,  consists 
similarly  of   laminated  or  irregularly  deposited,  homogeneous,  granular,  and 
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Fkj.  187,  (I.  ^.— Tw.i  dlvidwl  nrteriou  from  tUc  tongue'  of  tbo  ft-og  witli  wliit*  tliroinbuji  and  atream  *vf 
Mcapliig  blowl.    '',  Diagmmuuitlc  long1ta<llmil  Mctiou.     xllO. 

fibrilliited  masses,  and  of  white  blood  cells  (Pig.  188).  Since  fihrin  maybe 
precipitated  both  in  threads  and  in  granules,  it  cannot  consequently  be  exactly 
determined  how  great  a  proportion  of  the  whole  is  formed  by  the  blood- 
platelets. 

ilfd  tkroinhi  arise  in  blood  that  has  come  to  a  standstill  or  is  stagnating, 
provided  that  the  other  conditions  favourable  to  the  formation  of  fibrin  are 
present.  Under  the  microscope  they  aiipear  as  a  clo.se  aggregiition  of  red 
blood  cells,   which   are   interspersed  with   delicate,  and   occasionally  coarser, 
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Fio.  190.— Ugnturt'  tiiroiu- 
bu.<  fonnwl  by  ruptura 
of  IhUma  In  lui  othorwlM 
noruml  artery,  *4n. 


slowing  of  the  l>loo(l' stream  favours  tbe  development  of  a  thrombus,  and  all 
subsequent  investigations  have  served  to  support  this  geneml  conclusion.  The 
important  part  played  by  structural  changes  in  the  vessel 
wall  in  thrombosis  has,  however,  become  more  eWdent. 

If  a  medium-sized  blood-vessel  ia  carefully  lipitiired, 
the  Ijlooil-stream  is  brought  to  a  stondstill  as  far  as  the 
nearest  collateral  l)ranch,  and  in  many  cases  a  thrombus 
is  formed  for  the  same  dist-^nce  {lujature  thnmibfu).  This 
event  was  formerly  regarded  as  the  regular  consequence 
of  ligature  of  a  vessel.  Riumgarten  ha-s  shown,  how- 
ever, that  in  perfectly  healthy  vessels,  when  suppuration 
is  prevented,  no  thrombosis  follows  the  ligation  if  the 
ligature  is  carefully  tied.  If,  on  the  other  hand,  the 
ligature  is  very  firmly  tied,  the  intima  of  the  artery  is, 
as  a  rule,  ruptured  round  the  whole  vessel,  while  the 
adventitia  and  me<lia  remain  intact.  Along  the  circidar 
ruptm-e  of  the  intima  a  small  throml*us,  hartlly  percept- 
itile  to  the  naked  cye»  is  formed  (Fig.  1 90),  becjiuse  the 
bloo<]  here  comes  in  contJict  with  the  tissues  of  the  media,  and  therefore  loses 
the  protection  afforded  by  the  endothelium  of  the  intima.  For  the  ultimate 
eicatrisation  at  the  i>oint  of  ligature  these  small  thnunl^i  are  of  no  import'ince. 

A  different  result  follows  if  the  wall  of  the  liga- 
tured vessel  shows  structiu'al  changes,  whether  from 
the  occurrence  of  suppuration  in  the  neighbourhood, 
or  from  an  alteration  of  the  endothelium  of  the  intima 
by  chi'onic  diseases  (arteriosclerosis).  In  these  cases, 
a  red  thrombus  is  sometimes  formed  in  the  stagnating 
Iclood  column  and  may  extend  to  the  next  collatcml 
l>ranch,  or  even  farther.  This  result  nuist  be  i^egarded 
as  altogether  imdesirable,  since  it  hinders  the  idtimate 
cicatrisation  of  the  ligaturefl  spot.  The  parts  of  the 
vessel  included  by  the  ligature  break  down  within  a 
few  days,  the  ligattu"e  cuts  through  the  vessel,  as  we 
say,  and  now  the  opening  of  the  vessel,  occluded  merely 
by  a  thrombus,  lies  free  in  the  wound. 

The  thrombus  may  brejik  down,  or  it  may  shrink,  an<l 
give  rise  to  the  dreaded  secondary  hiemorrhagc  which 
claimed  so  many  victims  before  the  introduction  of  the 
aseptic  treatment  of  wounds.  The  hjEcmorrhage  is,  how- 
ever, not  to  be  expected  in  every  case,  since  the 
thrombus,  as  vri\l  be  shown  later,  may  be  replaced  by 
cuniieclive  tissue. 

The  tenn  j.Kinetal  thrombus  is  applied  to  a  thi'omljus 
which  has  its  scat  on  the  wall  of  a  blood-vessel  (Fig. 
191).  A  cjiref  td  examination,  with  the  aid  of  the  micro- 
scope, of  course,  shows  that  the  wall  of  the  vessel 
underneath  the  thrombus  is  always  diseased.  The 
intima  is  thickened  with  connective  tissue,  or  in 
places  denuded  of  its  endothelium,  perhaps  ulcerated. 
There  is  no  doubt,  however,  that  even  considerable  destmction  of  the  intima  does 
m^t  always  cause  throndiosis,  and  that  the  occurrence  of  thrombosis  is  matenally 
favoured  if  the  vessel  at  the  same  time  presents  circumscribed  dilatations. 
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Virchow  was  therefore  justified  in  applying  the  term  dilafaiiofi  thrombua  to  the 
thronibiis  which  is  so  frecjiiently  met  with  in  those  diliitations  of  arteries  which 
are  termed  sticciilar  rupturc-iineiirisms.  In  these,  the  saccidar  dilatations  of  the 
himen  of  the  vessel  are  associated  with  smaller  or  larger  t&irs  in  the  inner 
hiyers  of  the  vessel  wall  .Slowing  of  the  hlood- 
current  and  defects  of  the  endothelium,  there- 
fore, are  the  essential  factors  in  the  prodiiction 
of  thrombosis.  In  the  veins  thrombi  form 
frequently  on  the  valves.  The  coagidation 
begins  here  in  the  wall  of  the  pocket  of  the 
valve  in  places,  therefore,  in  which  the  blood 
moves  comparatively  slowly  iiml  in  eddies  (Fig. 
192,  (I,  b).  The  intima  of  the  wall  of  the  vein 
is  frecjuently  thickened  with  connective  tissue, 
an<U  under  the  microscope,  may  also  show 
defects  in  the  endothelium.  In  other  cases, 
purulent  infiltration  of  the  wall  of  the  vein  is 
the  c^iuse  of  the  thrombosis. 

Thromlji  l>eginning  on  the  valves  come  to 
project  from  the  pockets  by  the  deposit  of  new 
layers  of  coagula.  Eventually  the  huncn  of  the 
veins  becomes  completxjly  closed  (Fig.  192,  n). 
The  blood-stream  is  thus  interrupted,  and  the 
stsignating  blood  gradually  eoagidates  as  fitr 
as  the  nearest  collateral  branch  {pmpatfuted 
ihrmabum).  While,  however,  the  valvular  throm- 
bus is  principidly  whit^  in  colour,  since  it  is 
formed  fi'om  the  lilo«Mi  in  motion,  the  protracted 
thrombus  is  mo.stly  red  (represented  fts  the 
black  shading  in  Fig.  192).  The  protracted 
thrombus  at  the  nearest  collateral  branch  comes 
in  contact  with  blood  in  active  circidation. 
Protracted  white  laminated  coagula  then  form 
on  the  roumh'd  projections  of  the  red  thrombi 
(Fig.  192,  i\  d).  When  these  enlarge  further 
they  occlude  the  mouth  of  the  ci>llatei'al  vessel 
(Fig.  192,  r).  Then  a  red  thromltus  again 
forms  and  grows  towards  the  next  point  of 
division  of  the  vessel  (Fig,  192,  /,  e),  there 
l)econiing  covered  with  laminated  white  throm- 
lius  masses.  In  this  manner  sometimes  a  very 
con.siderable  length  of  a  vein  may  lie  thrown 
out  of  the  circulation. 

Many  diseases  which  cause  great  general 
weakness  and  require  long  continued  rest  in 
bed  are  occasionally  followed  by  the  formation 
of  thrombi  which  are  termed  mafantic.      It  is  not  improbable  that  these  are 
principiilly  caused  by  the  slowing  of  the  blood  stream. 

Still,  experience  shows  that  this  slowing  of  the  blood-stream  is  not  suflicient 
to  account  f»ir  throud>osis.  In  many  cases,  at  least,  lesions  of  the  vessel  wall 
can  be  demonsti'ated  at  the  same  tin^ie^  so  that  the  slowing  of  the  blood  is  only 
to  be  looked  upon  as  favouring  coagulation.     In  other  cases,  the  thromboses  arc 
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munifestly  to  Imj  attnbiited  to  septic-pya^niic  infection,  und  such  aeptic-pya^raic 
lesions  very  commonly  r>ccur  as  complications  of  other  rliseases  which  greatly 
louver  the  general  nutrition. 

But  there  are  infectivo  diseases  which  frequently  cause  thrombosis  in 
the  absence  of  other  morbid  processes,  and  the  inftdivt  ihtfnnhm  may  therefore 
be  regardcfl  as  a  well-marked  and  frequently  occurring  form.  Among  these  may 
be  specially  mentioned  suppurations  in  the  neighbourhood  which  more  or  less 
involve  the  wall  of  the  artery  and  vein.  Thrombi  are  thus  formed  in  the 
vessels  in  deep-seated  suppurations  in  the  soft  parts,  in  the  ligatured  main 
vessels  of  stumps  after  ampubition^  and  in  the  arteries  and  veins  of  the  umbilical 
cord  of  the  new-liKtrn  child.  In  other  cases,  it  must  be  assumed  that  pathogenic 
micro-organisms  circulating  in  the  blood  settle  doT,vn  upon  some  part  of  the 
vessel  wall,  and  produce  changes  which  give  rise  to  thrombosis.  In  this  way, 
for  example^  many  thromboses  of  the  ductus  Botalli  in  septic-pyiemic  infections 
of  the  newly -born  are  to  be  explained.  As  a  rule,  the  thrombus  is  infiltrated 
by  micro-organisms,  so  that  it  becomes  an  important  mojins  of  general  infection. 
There  is  hardly  a  spot  in  the  vascular  system  in  which  thromboses  do  not 
occasionally  occur.  They  are  decidedly  most  frequent  in  the  fnmmii  vrin.s  the 
waUs  of  which  are  so  frequently  altered  by  chronic  diseases,  in  the  uttrine  retna 
after  child-birth,  in  the  >-i(«w,sr.s  of  the  dimt  mokr  after  purulent  destruction  of 
the  inner  ear,  and  lastly,  in  the  chuinbtrs  </  th^  heart  in  ilisejises  of  the  endo- 
cardium. These  and  other  thromboses  will  be  considered  at  length  in  the 
special  part.     At  present  we  shall  discuss  the  further  fate  of  the  thrombus. 

The  throrabu.*<  preserves  the  above -described  structure  for  only  a  short 
time.  Manifest  changes  set  in  within  a  very  few  days  after  its  formation. 
These  are  very  various,  and  five  distinct  forms  may  be  di.stinguished  :  hyaline- 
granular  transformaiionj  ^'m'gaiiiwtum"  or  replaremeni  bij  connedkc  iis$ue^  mlcijicatioii', 
snmpU  aoftenin/f^  and  punfonn  lupif/avtiott. 

The  htfnlhu''<}rani/lar  inmsfirniintiov  liegins  with  the  brciiking  down  of  the 
cellular  elements  contained  in  the  thrombus,  the  white  and  red  corpuscles. 
The  ht»?moglobin  in  the  latter  is  di.ssolvcd,  dittti.ses  into  the  masses  of 
fibrin  in  the  neighbourhood  and  disappears.  From  this  disjippefirance  of  the 
hfemoglobin  one  cannot,  however,  in  any  way  conclude  that  it  must  be  absorbed 
without  further  change  by  the  neighbouring  vessels.  It  is  much  more  probable 
that  the  dissolved  hiemoglobin  undergoes  loaiUy  a  chemical  transformation  into 
colourless  substances,  the  further  fate  of  which  csinnot  be  traced  histologically. 
Subsequently,  the  mass  of  the  thrombus- — cells,  fibrin,  and  blood-platelets^ — 
becomes  a  granular  mass,  in  which  the  granides  become  increasingly  fine  and 
ultimately  transhu-ents,  homogeneous,  and  hyaline,  The  thrombus  thus  shrinks, 
becomes  smaller  and  more  solid.  Within  it  large  and  small  fissures  arise  M'^hich 
generally  coiTcspond  to  the  original  lamination  of  the  thrond:>u.s  (Fig.  193). 
Blood  may  again  penetrate  into  the  fissures  and  coagulate  afresh  within  them. 

Old  thrombi,  therefore,  not  infrequently  contain  8triate<l  and  reticulated 
deposits  of  freshly  coagulated  blood.  Jj^istly,  it  very  frequent!}'  Iiappens 
that  the  peripheral  zones  of  older  thrombi  which  have  become  more  or  less 
hyaline  and  granular  are  intei-spersed  with  wandering  cells  which  have  come 
from  the  vasa  propria  of  the  \essel  wall  (vasa  vasorum),  Fig.  194. 

The  thrombus  becomes  so  much  reduced  in  size  by  these  processes  that 
the  lumen  of  a  vessel  which  has  been  completely  closed  by  a  thrombus  may 
frequently  he  reopened.  The  thrombus  may  then  be  washed  away  by  the 
blood-stream.     As  a  rido  it  adheres  firmly,  at  some  points,  to  the  vessel  wall. 

From  such  points  of  adhesion  the  mass  of  the  thrombus  becomes  vascularised 
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and  gradually  replaced  bif  omnedive  tissue— -sl  process  which  is  of  gi'eat  interest  in 
general  pathology.  A  better  opportunity  can  hardly  be  found  anywhere  for 
investigjiting  the  pathological  new  formation  of  connective  tissue  in  its  relation 
to  the  new  formation  of  ciipillurias. 

The  thrombus  in  this  case  shows,  in  transverse  section,  the  appeanirice 
shown  in  Fig.  195,  as  is  proved  Ijy  the  researches  undertoken  by  Heuking  and 
myself  on  this  subject.  The  lumen  of  the  vessel  has  been  reopened  and 
appeal's  in  the  form  of  a  sickle-shaped  fissui'C.  Starting  from  the  spot  at  which 
the  thrombus  adheres  to  the  vessel  wall,  a  thin  layer  of  cndothelinra  next 
spreads  over  the  thrombus.  This  can  be  readily  recognised  in  Fig.  105.  It 
soon  invests  the  whole  of  the  thrombus,  while  underne^ith  it  a  zone  of  connective 
tissue  develops,  which  is  also  very  evident  in  Fig.  195, 

This  formation  of  connective  tissue  underneath  the  endothelial  investment 
of  the  thrombus  appears  as  the  result  of  the  proliferation  of  this  endothelium. 
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Fifi.  193.— OKI  thraiiibus  of  tlte  pojilitfal  vrin,  x  810. 


Fm.  194.  — Tliiomtjiin  m  llic  Inmnnit  arl^ry  uflor 
HiiiimtntiQU  of  the  tUt^h.  The  tlirouiLiiii  in 
liyaHiie,  !tii<i  i^eaetraletl  by  a  few  lcacacyt«j». 
x300. 


The  endothelial  cells  divide,  the  young  newly-formed  cells  penetrate  into  the 
thrombus  and  secrete  an  intercellular  subst^ince.  In  Fig.  195  this  newly- 
formed  layer  of  connective  tissue  which  begins  to  form  on  the  surface  of  the 
thrombus  appears  thicker  near  the  points  where  the  thrombus  adheres,  and 
becomes  thinner  farther  away  from  this  point.  Eventually  it  is  reducerl  to  a 
aiuiple  layer  of  endothelial  cells. 

At  the  same  time  the  thrombus  miiss  liecoraes  vascularised  from  the  vasji 
vasorum  on  the  one  hand,  and  from  the  endothelial  investment  on  the  other. 

The  endothelial  investment  of  the  thrombus  sends  processes  downwards 
into  the  thrombus  which  become  transformeU  into  aipillarics  (Fig.  196). 

Connective  tissue  grows  round  the  capillaiies  in  the  same  manner  as  under 
the  siiperficial  investment  of  the  thrombus,  and  forms  an  advcntitia  to  them. 
This,  however,  increases  in  thickness,  while  the  remains  of  the  thrombus  which 
lie  between  the  newly-formed  ca[>illaries  disappear,  presumably  by  absorption. 
The  gi'eat  importance  of  this  discovery  consists  in  the  fact  that  the  new 
connective  tissue  represents  a  proliferation  of  the  wall  of  the  vessel,  and  that 
there  is  no  tiunsfoimation  of  emigrated  white  corjiuacles  into  connective  tissue, 
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So  soon  as  this  union  ia  effected,  the  conditions  for  a  complete  vascular  supply 
of  the  thrombus  are  present.  If  it  is  a  vein  that  is  thromJ>osed,  then  the  blood 
from  the  small  atteries  of  the  vessel  wall  Haws  by  newly -formed  channels 
through  the  thiomlnis  into  the  reopened  liunen.  If,  on  the  other  hand,  the 
thrombus  is  in  an  urtery^  it  is  t^  he  exi)ectt'd  that  the  blood  will  flow  from  the 
established  lomcn  of  the  artery  intu  the  venous  vasa  propria  of  its  wall.  Such, 
at  least,  are  the  conclusions  wliich  may  be  drawn  from  histological  investigation. 
The  thrombus  has,  however,  now  become  considerably  smaller  (Fig.  197). 
A  considerable  part  of  the  coagulura  hiia  become  absorbed  and  replaced  by  con- 
nective tissue  which  gradually  undergoes  cicatricial  contraction.  While  the 
contraction  is  in  progress  the  voliune  of  the  tissue  found  in  the  vessel  lumen 
continues  to  diminish  steadily.  It  eventually  appears  merely  as  a  cicatricial 
tliickening  of  the  vessel  wall,  or  as  a  narrow  cicatricial  strand  which  is  attached 
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FiO.  107.— Thiioiutjotietl  vviri.    Tbitiiubns  nearly  coiitiilclnly  ropkcetl  by  conneeUve  Utuue  ("orgnnuwd") 

aad  v»8Ciilaris<nl,    Scbeiiuitic. 


to  various  parts  of  the  vessel  wall.  The  lumen  of  the  vessel  is  thereby  ahvays 
more  or  less  distorted  and  naiTowed.  Whether  these  strands  l>ecome  completely 
reabsorbed  and  disapi>ear  in  process  of  time  ia  an  open  question,  which,  however, 
may  be  answeied  in  the  affirmative  in  some  cases  of  arterial  thrombi  which 
have  been  replaced  by  cicatricial  tissue. 

The  old  lumen  of  the  %essel  is  not  always,  however,  reopened  to  any 
gi-eat  extent  after  complete  occlusion  l*y  thrombus.  In  Fig.  1 9S  this  has 
happened  only  to  a  very  small  extent  in  the  upper  left-hand  aide  of  the  figure. 
Therefore  the  vascidarisation  und  replacement  of  the  thrombus  by  connective 
tissue  is  derived  almost  exclusively  from  the  vasa  vasonmi  in  such  a  case. 

The  centre  of  the  thrombus  apijoars  clearer  because  the  haemoglobin  ha» 
almost  completely  disappwired,  while  in  the  peripheral  part,  of  the  tlirom)uis  it 
bjis  mostly  remained,  and  is  represented  of  a  darker  coloiu'  in  the  figure.  In  the 
chapter  on  hjeniatogenoiis  pigmentation  it  will  be  more  fully  shown  thai  proli- 
ably  the  want  of  free  oxygen  is  the  cause  of  the  decolorisation  of  the  central 
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portions  of  the  thrombus.  The  further  fate  of  such  occluding  thrombi  is  easily 
understood  from  the  previous  description.  The  masses  of  coagtihi  are,  in  time, 
completely  ul)Sorhed  and  replaced  \>y  the  vessels  and  new  connective  tissue 
which  iienetratc  them. 

The  changes  which  follow  %f(/«ir  of  orknt'.'<  and  reins  are  of  speciul  practical 
interest.  As  abeady  mentioned,  the  thrombi  which  develop  in  such  cases 
may  be  small  or  large.  These  may,  like  other  thrombi,  soften  and  break  down, 
and  if  the  vessel  wall  break  down  at  the  same  time,  secondary  hiemorrhage  may 
occur.  If  such  softening,  which  mostly  depends  on  septic-pyiemic  infection,  do 
not  occur,  the  thrombus  will  be  absorl>ed  after  a  shorter  or  longer  time  and 
replaced  by  newly -formed  tissue.  The  researches  of  Waldeyer,  Thiersch,  Kiedel, 
Baumgarten,  Auerbach,  Pfitzer,  K;uih,  Zahn,  and  Pick  have  shown  that  the  newly- 
formed  tissue  is  in  part  derived  from  the  endothelium  of  the  ligatiu'ed  vessel, 
and  in  part  penetrates  from  without  into  the  lumen  of  the  vessel     A  general 
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view  of  these  processes  is  given  in  the  diagrams  of  Fig.  199,  which  have  been 
constructeil  from  a  perfectly  continuous  series  of  sections  by  my  {lasistant,  Dr. 
Sokolofi".  These  reconstructions  are  so  far  diagrammatic^  tbit  the  vascular 
twigs  which  are  found  in  the  tissue  within  the  Hgatured  artery  are  mostly 
projected  on  longitudinal  section. 

This  was  nccessjiry  in  order  to  show  the  connections  of  the  newly- formed 
vascular  ramifications. 

The  conditions  are  most  simple  when  the  ligatm-e  heids  in  without  inter- 
luptirig  the  continuity  of  the  vessels  (Fig.  199,  f ).  In  this  case  the  lumen  of 
the  vessel  is  found  closed  by  Avascular  connective  tissue  within  twenty -one  days 
of  the  ligature.  A  part  of  this  connective  tissue  which  shows  concentnc 
lamination  is  a  product  of  the  endothelial  lining  which  has  extended  from  the 
wall  uf  the  artery  over  the  small  thiombus.  Below  this  laminated  coimectivc 
tissue  there  is  seen  in  the  figure  a  uniforraly-ehaded,  vasciUar,  connective  tissue 
which  has  replaced  the  small  thrombus. 

The  conditions  are  different  when  the  ligature  is  so  firmly  tied  that  the 
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underlying  pttrt  of  the  vessel  is  deprived  of  its  nutrition.  A  stuhU,  aiinuhir 
zone  of  the  artery  rlies  and  is  absorbed.  The  h'gature  cuts  its  way  through,  and 
the  lumen  of  the  ai'tery  is  closed  by  vascular  granulation  tissue,  which,  in  Fig. 
199,  t^,  h^  is  indicated  by  uniform  shading.  A  layoi"  of  connective  tii^sne  con- 
centric with  the  wall  of  the  vessel  has  dcvelopml  at  the  same  time  from  the 
endothelial  lining  of  the  artery,  .md  is  the  princi|)al  factor  in  the  occlusion  of 
the  vessel  (Fig.  199,  «,  h).  This  tissue,  along  with  the  granulation  tisstie  which 
ha«  penetrated  from  without,  has  completely  replaced  any  thrombiia.  At  least, 
no  trace  of  a  thrombus  can  l>e  found  any  longer.  The  circulation  in  the  con- 
nective tissue  which  closes  the  ai'tery  has  developed  in  the  way  first  descn'be<l 


Via,  lt)9.— LoQgitadiiul  ioction  of  Uiree  ligaturvd  feui«ir»l  arteries  of  tlic  dog  (recoiuLructed  from  a  coutinuotu 
Mrie»  of  trmniVenM'  ««€tlonii).  «,  Ml«ty  <lay«  after  ligature,  x  40 ;  6,  Mtenty-flw  tkjrii  after  ligaturw, 
X  40 ;  r,  twonty-OQ*  tlays  an«  llaalutr.     x  20. 

by  Weber  and  Kocher.     The  blood-stream  goes  from  the  hunen  of  the  artery 
into  new  capillaries,  and  from  them  into  the  neightK)uring  vesseU. 

In  the  experiments  from  which  Fig.  199  was  derived  the  healing  processes 
had  not  yet  reached  their  final  stage.  The  researches  of  Nadeschda  8chulz, 
made  under  the  direction  of  l^nghans,  have  shown  that  the  new  connective 
tissue  spreads  gi-adually  along  t)»e  lumen  of  the  vessel  even  beyond  the 
nearest  collateral  branch.  Siju;e  then  1  have  been  able  to  indiciitc  the  processes 
by  which  the  vessel  lumen  ;ig}iin  becomes  adiipted  to  the  lilood -stream  ;  but 
these  will  be  considered  along  with  the  local  aneemias  produced  by  vascular 
^^  occlusion. 
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then  appear  in  small  veins  twxA  arteries  as  phhhoUths  and  artet-ioliih.  The 
tirat  occur  very  much  more  frequently,  especially  iii  the  venous  plexuses  of 
the  pelvis  and  in  the  splenic  veins. 

St)/tejtiuff  of  a  thromlms  converts  it  into  a  pulpy,  dirty -coloured  mass. 
In  many  cases  softening  seems  to  occui"  without  the  intervention  of  microlwj?. 
This  is  termed  simple  so/fenin/j.  It  is  to  he  inferred  that  unorganised  ferments 
contained  in  the  thromljUA  have  produced  the  softening.  It  is,  however,  very 
ditticult  to  completely  exclude  the  action  of  micro-organisms,  since  it  is  now 
recognised  that  in  man  the  tissues  and  tissue  juices  possess  bactericidal  pro- 
perties. Therefore  if  a  softened  thrombus  is  found  free  from  microbes,  it  might 
l»e  quite  possible  that  these  ivere  previously  present,  but  bad  disjippearod 
before  the  time  of  the  examination.  There  can,  however,  be  no  doubt  that  many 
softened  thrombi  possess  no  well-marlied  septic  properties.  This  fact  has  led  to 
the  use  of  the  term  simple  softening.  This  question  will  be  again  gone  into  in 
the  considerHtion  of  the  conversion  of  thrombi  into  embuli. 

The  puri/onn  sofkttififf  of  a  thrombus  cannot,  in  many  cases,  be  distinguished 
with  the  naked  eye  from  the  simple  softening.  The  importance  of  puriform 
softening  consists  in  the  presence  of  putrefactive  and  pyogenic  organisms, 
whether  these  were  already  present  in  the  coagidating  Kilood,  or  penetrated  into 
the  thrombus  from  without  through  the  vessel  wall  The  thrombus  is  con- 
\  erted  partly  or  wholly  into  yellow,  creamlike,  or  diily,  more  or  less  fluid 
th^bris,  which  is  sometimes  fn?tid.  It  appears  that  the  fibrin  is  dissolved  in  a 
manner  quite  similar  to  that  which  takes  place  in  ordinary  pns  formation, 
irnder  the  microscope  such  softened  masses  appear  as  granular  detritus,  hi  all 
eases  the  wall  of  the  vessel  appears  infiltrated  uith  pus.  The  purulent 
infiltration  and  the  consequent  disiiitegratiim  of  the  wall  of  the  vessel  is  either 
the  consequence  or  the  c^ujse  of  the  puriform  softening  of  the  thrombus.  If 
the  blood  which  coagulated  and  formed  the  thrombus  was  already  infected, 
the  softened  clot  then  contains  iHjisonous  sul)stances  which  induce  s\ippumlio!i 
in  the  vessel  wall.  If,  on  the  other  hand,  suppuration  makes  its  way  tu  tho 
\esMel  wall  from  without.  an<l  thus  leads  to  its  piu-ulent  infiltration,  a  thronduis 
forms  in  the  lumen  of  the  vessel.  This  is  then  infected  from  without  and  tmder- 
go«s  pmiffjrm  softening.  This  also  occurs  if  suppimition  develops  in  the  neigh- 
bourhood of  an  already  thrombosed  \essel. 

The  softening  of  a  thrombus,  both  simple  and  purifonn,  very  greatly 
reduces  the  consistence  of  the  thrombus,  even  when  only  the  central  parts  of 
the  thrombus  bi'cak  down.  Such  a  thrombus  frequently  crumbles  down, 
especially  during  Molent  exertion,  and  its  fragments  and  JSris  are  swept  away 
by  the  blood-stream.     The  contbtion  terme<l  etuktlmn  is  thus  produced. 
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n.  Bmbolifim 

Otir  knowledge  of  embolism  owes  its  origin  and  a  large  measiue  of  its 
further  development  to  the  histological  and  experimental  researches  of  Virchow. 
By  embolism  is  meant  the  transpoti,  of  larger  or  smaller  nias.ses,  which  do  not 
mix  humu)4eneously  with  tho  blomi,  from  the  trunks  into  the  blanches  and 
capillaiic;^  of  the  vascular  system.  These  nuis.ses  are  of  course  carried  oft'  by 
the  blood -current.  The  tninsiMirted  masses,  or  emboli,  vary  very  greatly  in 
chanicter.  The  following  vatietiefi  are  the  most  importftnt : — Firm  fragments  or 
softened,  semi-fluid  portions  of  thrombi ;  fragments  of  tissue,  such  as  portions  of 
heai'trvalvcs,  fatty  tissue,  liver  cells,  and  fragments  of  tiuoaom-a ;  pigment,  air, 
foreign  bodies  of  various  kinds. 

The  dissemiruttion  of  ernkdi  in  the  vasciUar  ayatcm  may  take  place  in  many 
cases  without  any  striking  symptoms.  Only  in  jKissing  through  the  heart  they 
occasionally  produce  ^'ery  tr.^insicnt  irregularities  of  its  action,  which  are  mani- 
festly due  to  the  mechanical  action  of  the  umbohis  on  the  endociirdium.  The 
restilt  is  very  ditterent,  however,  if  the  embolus  gives  off  poisonous,  and  eapecially 
fever- proflucing,  subsUmces  in  considerable  amoimt  into  the  blood  stream.  The 
most  important  of  these  are  the  portions  of  softened  thromlms,  whose  passage 
along  the  blood-stream  tends  to  produce  nif(n\<j  indicating  a  sudden  attxck  of  fever. 
In  some  causes  6uch  an  atttck  of  fever  may  pass  f>ff  rapidly  without  further 
consequences.  It  is  then  likely  that  there  were  either  no  pathogenic  bacteria 
in  the  softenetl  thrombi,  or  that  these  were  only  slightly  nrulent  and  were 
destroyed  by  the  bactericidal  action  of  the  blood.  In  most  cases  these  attticks  of 
fever  are  produced  by  septic  and  pyiemic  thrombi.  Therefore,  the  rigor 
indicates  the  beginning  of  a  septic  or  pyit^mic  into.xieation  or  infection,  and  is  a 
sign  of  most  ominous  import  for  the  life  of  the  patient. 

As  a  rule,  the  end>oli  are  carried  in  the  direction  of  the  normal  blood-current. 
They  thus  reach  almost  any  part  of  the  circulation.  The  distance  travelled, 
however,  dejiends  directly  on  the  size  of  the  emboli.  It  appears,  therefore,  better 
for  our  purpose  to  consider  the  transport  of  larger  emboli  independently  of 
that  of  such  small  emboli  as  may  be  able  to  pass  through  all,  or,  at  any  rate, 
some  of  the  capillary  nt^Lworks. 

L  The  source  of  the  larf/fi'  emboli  is,  as  shown  by  Virchow,  to  be  looked 
for  in  thrombosed  veins.  Such  emboli  are  carried  by  the  blood-stream  from  the 
systemic  veins  through  the  heart  into  the  puhnonary  arteries^  in  the  branches 
of  which  they  become  firmly  wedged.     This  also  happens  with  thrombi  which 
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are  formed  id  the  right  aiiricle  or  ventricle  of  the  heart  and  are  then  swept 
away  by  the  blood-current  Such  emboli  are  fotind  later  at  the  points  where 
the  pulmonary  arteries  branch  (Fig.  200),  consequently  at  points  where  the 
artery  becomes  sutidenly  narrowed  by  its  division.  They  generally  ride  on 
tbe  point  of  division  and  pbliterate  the  lumen  of  at  least  one  of  tlic  branches 
formetl.  Sometimes  one  of  the  branches  is  so  small  that  it  may  escape 
observation  (Fig.  200).  Sometimes  the  emljolus  fills  only  one  branch  of  the 
artery  if  it  i)Ccomes  rapidly  narrowed  by  giving  off  a  number  of  very  small 
lateral  twigs.  The  embolus,  which  frequently  shows  the  structure  and  the 
firm  consistence  of  an  old  thrombus,  then  becomes  enclosed  in  a  more  recent 
protracted  thrombus. 

Such  embolic  occluBion  of  vessels  causes  local  disturbances  of  circulation 


Fw.  300.— Emboli  iu  brandies  of  the  paliuonary  artery.    Tlip  iippfTinnMl  «riibolua  more  llrmly  ttdhennit  w  U»p 
wilU  and  coatnicted.    8oincwbAt  r«<.Uic«il. 

and  of  tissue  nutrition  which  will  be  subsequently  considered.  The  embolus, 
when  it  consists  of  a  portion  of  a  thrombus,  undergoes  either  simple  or  puriform 
softening,  or  hyahne  granular  transformation,  with  subsequent  replacement  by 
connective  tissue,  exactly  in  the  same  manner  as  thrombi  which  remain  at  the 
spot  where  they  are  formed.  Eventually ^  after  complete  replacement  by  con- 
nective tissue,  there  usually  lemain  only  a  few  cicatricial  bands  which  cross 
and  deform  the  lumen  of  the  vessel  {Fig.  201). 

A  friable  embolus  frequently  becomes  shattered  against  the  point  of 
division  of  the  artery.  This  may  also  happen  in  the  pulmonary  artery  and 
produce  multiple  emboli  of  separate  vascular  areas,  which  are  usually  accom- 
panied by  specially  grave  disturbances  of  the  circulation.  It  may  likewise 
happen  that  the  trunk  of  the  pulmonary  artery^  or  its  two  branches,  may  be 
occhided  by  a  lai'ge  thrombotic  mass — an  occurrence  which  will,  of  course,  cause 
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sudden  death.  Emboli  which  occhide  the  ivide  liunen  of  the  pidmonary 
artery  frequently  arise  in  relatively  narrow  veins  which  have,  however,  been 
thromljosf^d  for  a  considerable  length.  The  embolus,  remarkable  for  its  great 
length,  is  then  bent  by  the  blood  -  current  into  sharp  kinks  within  the 
pulmonary  artery,  so  that  the  whole  mass  completely  fills  the  lumen.  Fig.  202 
shows  such  an  occlusion  of  the  stem  of  the  right  pulmonarj'  artery.  {The 
emholu.s  thus  bent  upon  itself  passed  an  extraordinarily  long  distance  into  the 
princii>al  branch  of  the  right  pulmonary  artery,  several  of  the  other  branches 
of  which  were  at  the  same  time  occluded  by  emboli.  There  wiis,  at  the  same 
time,  a  similar  occlusion  of  all  the  i)riticipal  branches  of  the  left  pulmonary 
artery.  The  emboli  started  from  the 
greatly  dilated  veins  of  the  left  lower 
extremity.) 

Larger  thrombi  of  the  pulmonary 
veins,  the  left  auricle  and  ventricle,  and 
also  parts  of  the  cardiac  valves  may  be 
iletached  and  carried  to  the  branches  of 
the  aorta.  Thrombi  in  the  radicles  of 
the  portal  veins  are  cfirried  into  the 
liver.  In  these  cases  the  emboli,  as  a 
rule,  follow  the  normal  direction  of  the 
blood  -  stream.  When  the  direction  of 
the  blood -stream  is  disturbofi,  there  are 
corresponding  changes  in  the  paths  taken 
hy  the  emboli.  Defects  in  the  septa 
of  the  heart  are  sometimes  followed  by 
tlic  pa.5sage  of  emboli  from  one  side  of 
the  heart  to  another.  Thus  they  may 
lie  carried  from  the  systemic  veins 
through  a  defect  in  the  inter -auricular 
or  inter-ventricular  septum  into  the  left 
heart,  in  which  ca.se  they  are  termed 
jKitttdtKr'vid  or  cio,'<sed  embidi  (Cohnheim, 
Hauser^  Zahn).  It  occasionally  happens, 
also,  that  larger  or  smaller  emboli  may 
be  carried  backwards  within  the  veins 
into  their  branches,  if,  oAving  to  sudden 
disturbances  of  circulation,  recurrent 
streams  ari.%e  in  the  veins  (Cohn,  Heller, 
v.  Eecklinghausen»  Bonome,  J.  Arnold). 
These  rcttiujntde  or  recurrent  emhdi  arc  certainly  rare  occurrences,  to  which  too 
great  importance  used  to  be  attributed  in  the  explanation  of  liver  abscesaeB 
produced  by  emboli.     {This  will  be  referred  to  later.) 

IT.  Smaller  emboli^  the  size  of  which  permits  them  to  pass  through  the 
capillaries  without  hindrance,  do  not,  however,  remain  permanently  in  the 
circulation.  They  are  easily  dissolved,  or  arc  gradually  deposited  in  the 
capillaries  of  various  organs.  The  place  where  they  ultimately  settle  is 
indei>endent  of  their  point  of  entrance  into  the  blood.  They  become  divided 
within  the  blood-stream  and  then  settle  in  scattered  capillary  areas,  preferabij', 
however,  in  the  liver,  spleen,  and  bone-marrow.  This  fact  is  most  completely 
explained  by  the  researches  of  Hoflmann  and  v.  Recklinghausen,  Ponfick, 
Hoflmaim  and  Langerhans,  Kuukel  and  Siebel  on  the  ultimate  destination  of 
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Fiij.  'iOL— CicatTfdal  tMiiid»  iii  tlio  ltnuiche«  of  t)l^ 
pulmonary  artery— the  remaitiB  nf  an  "  orgatilspJ  " 
embolu*.  <A  aoviiid  has  b«^  pAwed  iMtlow  Uh* 
rtraad  of  coanectivo  tissoo.) 
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Fj«.  202.— Embolus  urljiiufttliig  in  tlie 
velnti  of  tlic  l(?n  tuw<4r  oxtrcirilty 
occludiug  Uie  main  Irunk  of  th« 
pulniunHry  ftrtery*  Slightly  r**. 
iluced. 


free  pigment  granulea  in  the  blood.  These  are  partly  taken  up  by  leucocytes 
and  pass  along  with  them,  or  even  free,  into  the  tissues  of  organs,  preferably 
into  the  liver,  the  spleen,  and  bone-marrow.  They  are  also  frequently  found 
in  the  tonsiils,  within  the  wandering  cells  which  here  pass  through  the 
squamous  epithelium  (Ph.  8tohr). 

Fragments  of  thrombi  that  have  undergone  puriform  softening  are  carried  off 
in  the  same  manner,  as  is  shown  by  the  abscesses 
which  they  produce.  Such  abscesses  are  gener- 
ally smalt,  railiarj^,  or  of  the  size  of  millet-seeds. 
Miliary  abscesses  n)a3'  be  found  occasionally  in 
all  organs,  but  select  the  liver  sjiecially,  where 
they  often  become  fused  into  larger  abscesses. 
Under  such  circumstances  the  sple^i^n  and  the 
bone-marrow  are  also  relatively  frequently  the  seat 
of  abscesses. 

With  reference  to  the  abscesses  produced  by 
the  pathogenic  organisms  contained  in  emboli 
derived  from  thrombi  which  have  umlergone 
puriform  softening,  it  is  also  of  interest  to  learn 
that  non-pathogenic  organisms  which  have  been 
introduced  into  the  blood  become  lodged  in  the 
liver,  in  the  spleen,  and  in  bone-marrow  (Fiiigge 
and  Wyssokowitsch).  Here  they  soon  die  off  and 
disappear.  They  do  not  pass  into  the  urine  so 
long  as  tho  kidneys  are  sound. 
The  ctlh  of  iumoun  may  also  sometimes  pass  into  the  bloodstream  and  are 
carried  along  with  it.  It  is  most  easy  to  demonstrate  tho  passage  of  the  cells 
of  a  melanotic  saixoma,  which  are  distinguished  by  their  dark  colour,  into  the 
capillaries  of  the  liver  (Fig.  203).  It  appears  that  sucli  wandering  tumour 
cells  may  settle  and  undergo  un- 
limited proliferation,  Tho  develop- 
ment of  secondary  metastatic  growths 
in  the  most  various  organs  is  observed 
in  the  case  of  many  malignant 
tumours.  These  tumour  masses  again 
select  in  a  striking  manner  the  lungs, 
liver,  spleen,  and  bone -marrow,  so 
that  there  can  be  no  doubt  that  the 
metastasis  of  tumours  in  many  cases 
is  due  to  the  dissemination  of  larger 
or  smaller  fragments  of  tumour  by  the 
blood-vessels.  In  other  cases,  how- 
ever, an  analogous  metastasis  of  tum- 
ours takes  place  through  the  l}Tnph -stream. 

Fat  and  tiir  cmholl  must  be  mentioned  as  special  varieties.  Fat  emboli 
in  the  form  of  fat  droplets,  more  rarely  of  fat  cells  (Zenker,  Wagner,  Buscli, 
V.  Kecklinghausen,  Klc!)3,  Czerny,  Flournoy,  Scriba,  Jolly),  occur  par- 
ticularly after  extensive  disintegration  of  fatty  soft  parts  and  bone-marrow,  and 
therefore  sometimeB  accompany  fractures  of  bone.  Fat  enters  the  torn  veins, 
is  carried  along  the  blood-stream,  and  enters  the  lungs,  mostly  in  the  form  of 
small  droplets.  One  part  of  the  fat  passes  through  tho  pulmonary  capillaries 
and  is  disseminated  through  the  systemic  circulation.     This  process  becomes  of 


"'H  «> 


gy?) 


I'lO.  LVS.  — Cfllj>  fruiii  a  primary  im^lanoUc  ciarcomii  of 
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special  importance  if  consitlorable  quantities  of  fat  reach  the  lung  and 
erabarrass  the  circulation,  or  if  a  part  of  the  fat  occludes  the  vessels  of  vital 
organs,  such  as  the  hraiii  or  the  heart.  If  the  distuibiinco  passes  In*  without 
serious  consequences,  the  fat  is  gradually  dissolved  in  the  alkaline  blo<>d,  and 
in  part  also  excreted  through  the  kiilneya  (liiedel). 

This  accident  has  grave  results  if  pus  and  putrefactive  fragments  of  tissue 
pass  into  the  blood -current  along  with  the  fat,  for  these  cause  septic  and 
pyiemic  intoxications  and  infections. 

The  form  of  acute  septic  intoxication  which  most  frequently  results  is 
cedema  of  the  lungs.  This  is  due  to  a  copious  escape  of  the  fluid  constituents 
of  the  blood  into  the  lung  tissuCj  and  often  causes  death  by  preventing  the 
Luterchange  of  gasea  in  respiration. 

In  some  cases  fat  emboli  develop  when  the  endothelial  cells  have  become 
fatty  and  disintegrated,  and  then  have  been  washed  away  by  the  blood-stream> 
or  if  fat  forms  in  softened  thrombi  and  escapes  into  the  blood  when  the 
thrombus  breaks  down. 

Air  emboli  arise  especially  in  consequence  of  injuries  to  the  veins  near  the 
thorax.  In  such  cases,  by  forced  respiratory  movements  air  may  be  aspirated 
through  the  open  mouths  of  the  veins  and  b€  earned  along  with  the  blood-current 

If  a  considerable  amount  of  air  be  taken  up  into  the  blood  in  this  wa}-,  the 
air  closes  the  pulmonary  capillaries  in  the  form  of  small  bubbles.  The 
blood  within  the  heart  becomes  frothy,  and,  by  its  elasticity,  greatly  impairs 
the  action  of  the  heart,  and  may  cause  rapid  death  by  interrupting  the 
circulation.  The  danger  of  air  aspiration  and  of  air  embolism  should  be  borne 
in  mind  in  performing  tracheotomy  for  angina  maligna  (diphtheria)  and  the 
diseases  of  the  organs  of  the  neck  tending  to  produce  suffocation. 

The  occlusion  of  large  or  small  vessels  by  emboli  may  lead  to  disorders 
of  the  circulation  and  of  the  nutrition  of  the  tissues. 

The  general  circulatory  disturbances  produced  by  emboli  have  already  been 
mentioned.  Those  embolic  circulatory  disturbances,  called  local  anaemias, 
which  depend  on  the  occlusion  of  arteries  and  veins  will  be  considered  more 
fully  in  the  following  chapter.  The  local  consequences  of  retrograde  emboli 
are  to  be  found  in  the  chapter  on  veuous  congestion,  since  they  really  depend 
on  an  obstruction  to  the  venous  outflow. 

While  the  embolic  disturbances  of  the  circulation  and  of  tissue  nutrition 
depend  in  many  cases  merely  on  the  mechanical  result.^  of  the  obstruction 
produced  by  the  embolus,  they  are  in  other  cases  essentially  influenced  by  the 
infective  character  of  many  emboli.  Therefore  ample  emboli  which  contain  no 
pathogenic  micro-organisms  are  distinguished  from  inffrihr  emboli  which  do 
contain  such  organisms.  Generally  sjtcaking,  it  is  true  tluit  simple  and  infective 
embidi  are  liotb  followed  by  the  same  circulatory  arid  nutritive  disturbances, 
but  that,  when  the  embolus  has  an  infective  character,  the  specific  elTccts  of  the 
poisonous  substances  it  contains  are  superadded.  Experience  has  shown  that 
almost  any  of  the  pathogenic  microbes  may  be  carried  as  emboli,  so  that  a 
complete  account  of  the  consequences  of  infective  emboli  is  imj>ossible  within 
the  space  at  our  disjiosal,  and  must  be  relegated  to  the  special  part  of  this 
work.  Our  views  about  infective  emboli  wore  first  developed  with  reference  to 
the  processes  of  metastatic  su]>puration,  so  that  it  appears  desirable  to  consider 
this  specially.  This  can  be  done  luost  easily  if,  in  the  following  chapter,  along 
with  the  consideration  of  the  local  disturbances  of  the  circulation,  the  dis- 
turbances of  tissue  nutrition  produced  by  simple  and  suppurative  emboli  be 
briefly  discussed. 
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III.  Local  Amemia,  Iscbsemia 

The  term  local  anaemia  mean.s  the  diminution  of  the  blood-8U[)p]j-  of  aoj* 
vascular  area.  It  may  arise  from  an  increased  pressure  on  the  outside  of  the 
capillaries  or  from  narrowing  or  occlusion  of  the  ufl'erent  arterics. 

\i  a  plate  of  glass  lie  pressed  against  the  skin,  the  skin  surface  under  it 
becomes  pale,  because  the  superficial  capillaries  are  compressed.  The  like 
result  follows  if  the  pressure  in  the  tissues  increases,  and  narrows  the  lumen  of 
the  vessels.  In  this  way,  for  example,  the  capillaries  of  the  liver  are  constricted 
if,  in  cirrhosis,  connective  tissue  develops  in  the  organ  and  by  cicatricial 
shrinking  compresses  the  parenchyma.  So,  too,  acciuimlations  of  fluid  in  the 
tissues  incre^iiie  the  pressure  on  the  outside  of  the  capillaries,  constrict  these 
capillaries,  and  diminish  the  blood-supply. 

Narrowing  of  :u*teries  is  caused  by  external  pressure  produced  by  tumours, 
cicatricial  contractions,  thrombi,  emboli,  and  by  many  other  mechanical 
causes*,  but  the  main  cause  of  local  ana^nuas  is  disturbance  of  vaso-motor 
innervation. 

If  the  skin  be  stroked  with  a  glass  rod  or  some  such  body,  a  whit©  streak 
is  produced  on  the  skin,  which  di-sappears  immediately,  since  it  was  produced 
by  temp^irary  piessiu*©  only.  The  skin  then  recovers  its  normal  colour,  but 
about  twonty-hve  or  thirty  seconds  later  a  broad  white  streak  with  an  indis- 
tinct margin  reappears  on  the  skin.  A  local  ampmiii,  limited  to  the  area  of 
the  irritiition,  follows  within  half  a  miiiute  the  local  irritation  of  the  nerves 
produced  by  the  glass  rod.  This  is  undoubtedly  due  to  the  action  of  the  local 
vaso-motor  nerves.  It  is,  however,  partly  dependent  upon  the  condition  of 
irritability  of  the  cerebro-spinal  vaso-motor  nerve-centres  ;' for  when  there  is 
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disease  of  the  central  iiorvons  system,  a  red  streak  sometimes  develops  after  a 
similar  lowil  irritation  of  the  skin  (set?  aiterial  hyperremta). 

Similarly,  cooling  of  the  skin  surface  render  the  afl'ected  part  pale,  this 
being  a  local  anemia  produced  by  local  vascular  disturbances.  Initation  of  the 
sympathetic  in  the  neck  is  followed  by  narrowing  of  the  arteries  on  the  same 
side  of  the  head  (Brown-8eiiiiard,  Waller).  Keflex  stimnlation  of  the  skin 
or  of  the  mucous  mend>rane  of  the  stomach  causes  a  contraction  of  the 
arteries  controlled  by  the  splanchnic  nei-ve,  and,  at  the  same  time,  a  dilatation 
of  the  arteries  of  the  skin  and  muscl<*s  (Griitzncr  and  Heidenhain). 

There  is  a  similar  antagonism  between  the  arteries  of  the  two  sides  of  the 
head.  If  one  ayiiifjathetic  is  divided  in  the  neck,  the  arteries  of  the  «tme  side 
of  the  head  become  dilated,  those  of  the  opposite  aide  contracted.  It  is 
generally  the  case,  also,  that  the  arteries  become  contracted  round  an  area  in 
which  the  arteries  are  dilated.  A  rvlkfmil  mut'miu,  as  it  may  bo  tei*med,  is 
produced.  Many  of  these  collateral  anaemias  ai"e  due  to  reflex-  stimulation  of 
nerves.  The  physiological  activity  of  most  organs  shows  daily  periodic  oscilla- 
tions, and  these  may  correspond  to  periodic  variations  in  the  amount  of  their 
blood  supply,  which  show  an  interdependence,  probably,  in  J3art,  prrxluced  by 
reflex  nervous  action.  But  as  a  general  explamition  of  the  many  collateral 
aniemias  which,  in  various  degrees  of  development,  accompany  pathological 
congestions  of  lanje  va^^mUir  arms,  reflex  nervous  action  will  not  servo, 
beciiuse  this  would  require  nerve  connections  of  extraordinary  complexity'.  A 
simpler  explanation  must  therefore  be  looked  for. 

It  is  clear  that  the  dilatation  of  the  arteries  in  any  vascular  area  reduces 
the  frietional  resistance  opposed  to  the  blood-stream  in  this  area.  More  blood 
flows  through  the  area  in  a  given  time.  If  the  area  be  very  large,  the  total 
quantity  of  available  blood  is  not  sufficient  to  supply  the  neighbouring  areas 
fidly,  so  that  the  areas  where  the  arteries  have  not  dilated  are  supplied  with  a 
smaller  amount  of  blood,  since  in  them  the  frietional  resistance  is  not  reduced. 
If  their  arteries  mairjtuin  their  normal  width,  the  blood  wouUl  How  more  slowly 
through  them.  This,  however,  is  not  the  ciise.  As  above  mentioned,  the 
arteries  are  seen  to  l>e  narrowed  in  the  neighboiu'hood  of  the  congested  area. 
I  recognise  in  this  a  confinuation  of  the  experimental  conclusion  that  I  have 
arrived  at,  viz.  that  a  (linninttimi  af  Ihr  ommtni  of  bhnd  trhirh  Jff>w.<  (hromh  fin  arfcnj 
in  a  (jicai  thm  is  futhued  bif  a  omlniriioii  of  fhi^  arkrt/.  The  narrowing  of  the 
artery,  however,  since  the  frietional  resistance  within  the  corresponding  capillary 
area  does  not  alter,  is  followed  by  an  increase  in  the  mte  of  the  blood-flow 
within  this  artory,  although  perhaps  the  noiinal  rate  of  flow  is  not  again 
reached. 

It  will  be  shown  later  that  this  narrowing  of  the  arterial  channel,  due  to 
diminution  of  the  quantity  of  blood  that  (lows  through  it,  is  independent  of 
the  blood  -  pressure.  These  residts,  however,  as  well  as  the  well-known 
experiments  of  v.  Goltz,  Putzeys,  and  Tarchanoft',  reqiuio  the  assumption  of 
local  vaso-motor  centres,  or  of  some  properties  of  the  arterial  wall  by  which 
this  is  enabled  to  iidapt  itself  immediately  to  the  blood -stream,  with  the  result 
of  re-estaltlishing  the  normal  rate  of  flow  within  the  arteries. 

That  local  vaso-motor  centres  do  exist  is  probable,  considering  the  rich 
supply  of  nerve  fibres  M-ithin  the  walls  of  the  vessel  and  the  many  sensory  end 
organs,  the  Vater-Pacini's  cori>uscles,  which  can  be  demonstrated  in  the  adventitia 
of  the  arteries.  The  sum  of  the  results  which  I  shall  state,  with  reference 
to  disordei-s  of  the  circulation,  makes  it  appear  that  the  vessel  wall,  as  such,  is 
able  to  adapt  itself  to  the  blood-stream  in  the  manner  described. 
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It  is  difficult  to  answer  the  question  whether  collateral  anaemias  arise  around 
mimller  vascular  areas  whose  arteries  are  dilated.  The  therapeutic  practice 
of  depletion  by  local  blood-letting  is  founded  upon  this  assumption,  but  its 
success  is,  however,  in  most  cases  very  doubtful  The  assumption  on  which 
the  practice  is  based  is  probably  incorrect.  The  local  dilatation  reduces  the 
frictional  resistance  offered  by  the  arteries  to  the  blood.  Therefore  the  blood 
in  the  capillaries  is  at  a  higher  pressure  than  normal.  Since,  however, 
adjoining  capillary  areas  have  numerous  capillary  connections  with  each  other, 
it  is  probable  that  the  blood -stream  which  passes  out  of  the  dilated  arteries 
into  the  capillary  area  at  a  heightened  pressure  may  extend  farther  and  pass 
over  into  capillary  areas  which,  as  a  rule,  are  fed  from  neighbouring  arteries. 
This  will  be  followed  by  a  greater  hyperaemia  of  the  adjacent  capillary  areas, 
so  that  the  neighbouring  arteries  can  only  send  a  smaller  quantity  of  blood 
into  their  capillary  areas.  In  this  case  a  slowing  of  the  blood -current  in  the 
neighbouring  arteries,  and  at  the  same  time,  a  tonic  contraction  are  to  be 
expected.  A  diminished  amount  of  blood  in  the  capillaries  in  the  neighboiu*- 
hood  of  small  hyperaemic  areas  would  not  therefore  be  observed,  but  rather  an 
increased  amount.  This  result  of  experiment  corresponds  in  general  to 
experience.  The  removal  of  blood  from  the  neighbourhood  of  vascular  areas 
in  which  the  arteries  are  dilated  can  aid  but  little  in  unloading  the  hyperaemic 
area,  since  after  the  first  effect  in  this  direction  the  arteries  again  dilate  and 
must  bring  larger  quantities  of  blood.  A  practical  result  of  such  depletion 
is  therefore  not  to  be  generally  looked  for,  although  it  may  be  perhaps 
obtained  in  some  cases  under  special  conditions. 

The  most  striking  sign  produced  by  all  local  anaemias  is  the  paUor  of  the 
ancemic  areas.  The  contraction  of  the  afferent  artery  to  a  part  heightens  the 
frictional  resistance  to  the  blood.  In  overcoming  this  increased  frictional 
resistance,  a  considerable  part  of  the  blood-pressure  is  dissipated  within  the 
artery,  so  that  the  blood  within  the  capillaries  stands  under  a  lower  pressure. 
The  capillary  contracts  to  a  degree  corresponding  to  the  fall  in  the  blood- 
pressure,^  the  amount  of  blood  in  the  part  diminishes,  and  the  anaemic  parts 
become  pale,  just  as  they  become  pale  when  the  pressure  of  the  tissues  on  the 
outer  surface  of  the  capillaries  rises.  At  the  same  time,  the  innease  of  the 
frictional  resistance  diminislies  the  amourvt  of  blood  which  flows  through  the  aruemic 
area  in  a  given  time. 

Experiments  on  the  frog's  tongue  show  that  the  rapidity  of  the  hlwd- stream 
in  the  capillaries  is  reduced  if  the  arteries  become  narrowed.  If  the  frog's 
tongue  be  continuously  irrigated  with  a  IJ  per  cent  solution  of  salt^  the 
vessels  dilate.  If  the  strength  of  the  irrigating  fluid  be  reduced  to  f  per  cent, 
the  arteries  become  narrower,  and  the  stream  in  the  capillaries  is  slowed 
(Thoma).  It  is  to  be  concluded  from  this  that  changes  in  the  calibre  of  the 
arteries  are  more  considerable  than  in  the  capillaries.  A  number  of  other 
phenomena,  dependent  on  the  peculiarities  of  the  organ,  are  associated  with  the 
pallor  of  the  anaemic  or  ischaemic  area. 

Ancemia  of  the  skin  not  only  renders  it  pale  but  also  Imvers  its  temperature. 
This  result  depends  on  the  circumstance  that  the  blood  which  comes  from  the  in- 
terior of  the  body,  and  which  is  at  the  same  temperature  as  the  interior,  brings 
a  great  amount  of  heat  to  the  skin.  This  heat  convection  is  diminished 
when  local  anaemia  is  set  up,  since  the  skin  continually  gives  off  heat  ex- 
ternally, if  the  external  temperature  is  not  unusually  high.      At  the  same 

*  Many  observers  profess  to  have  observed  in  the  capillary  walls  a  power  of  contraction  similar 
to  that  found  in  muscle  cells.     I  have  never  been  able  to  convince  myself  of  this. 
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time,  stnsoiff  disturbance.^  arise,  indicfl.ted  hy  such  symptoms  as  imml>Tiess  and 
tingling  of  the  fingers,  or  prickling  and  formication.  Tbe  occurrence  of  so- 
cxilled  goose-skin,  which  often  accompanies  gieat  contraction  of  the  ciitaneoua 
arteries,  depends  on  a  simidtaneous  contraction  of  the  ninsculi  arret-tures 
pilonim, 

Ixchmnic  r/^ndifiom  of  mitsclr  le;id  mostly  to  symptonia  of  muscular  weakness 
and  readily  induced  fatigue.  The  pcriphcnd  nerves  also  react  considerably  to 
anteraic  conditions  with  signs  of  irritation,  such  as  neunUgia,  miificular  twitching 
and  cramp,  hallucinations  nf  sight,  photopsy  (seeing  of  sparks),  subjective  noises 
in  the  ears,  paralyses,  blindness  (reHex  amnurosiis),  deafness.  If  the  aniemias 
last  only  for  &  short  time  these  sympttiniti  again  disappear. 

Aiutmia  of  t/ie  retdml  nenwis  si/strm  is  more  senous  in  its  efTects.  The 
various  organs  of  the  human  body  show  great  differences  in  their  susceptibility 
to  circulatory  disturbances,  and  the  brain  and  spinal  cord  are  amongst  the  most 
susceptible. 

Aniemia  may  afieet  both  hemispheres  at  the  sjime  time  or  otdy  one. 
General  cerebral  antemia  may  be  caused  by  iTicre/ise  of  pressure  within  the 
cranium  produced  either  by  iitemorrhage,  increase  in  the  cerebro-spinal  fluid,  or 
by  cedema,  by  tumoui*s,  or  any  other  factore  which  may  le^wl  to  compression 
of  the  capillaries.  Feebleness  of  the  heart's  action  acts  in  the  same  way  if  it 
leads  to  hypostasis  in  other  parts  of  the  body ;  so  also  does  ra|iid  diminution 
of  the  amount  of  blood  by  profuse  hicmorrhage.  Lastl>\  ccreltml  anii^mia  is 
produced  by  occlusion  of  the  cerebral  arteries,  both  caiotids  and  vertebrals,  as 
well  as  by  tonic  contraction  of  the  cerebral  arteries.  Unilateral  cerebral 
aniemia  is  sometimes  observed  after  ligature  or  emlwHe  occlusion  of  one 
carotiil  artery ;  but,  as  a  rule,  the  ligature  of  one  carotid  is  of  no  effect,  since 
the  collateral  circulation  through  the  circle  of  Willis  immediately  becomes  so 
complete  as  to  jjrevent  the  occurrence  of  any  considerable  cereljral  ana-mia. 
When  the  cerebral  arteries  aie  diseased,  however,  this  compensation  sometimes 
fails,  so  that  anaemia  of  one  half  of  the  brain  may  arise. 

Marshall  Hall  and  Astley  Cooper  haA-e  kid  the  foundation  of  our  know- 
ledge of  cerebi*al  aniemia,  and  Ackcrmann,  Kussmaul  and  Tenner,  F.  Jolly, 
Pagcnstecher,  S.  Mayer,  Duret,  and  Notliuagel  have  made  most  valuable 
iidclitions  to  the  subject.  The  slightest  form  of  cerebral  amemia  is  indicated 
by  the  faintness  prmluced  by  tonic  contraction  of  the  cerebral  arteries.  Feel- 
ings of  oppression,  giddiness,  yawning,  sounds  in  the  ears,  darkening  of  the  field 
of  vision,  nausea,  vomiting,  general  torpidity,  cold  sweat,  and  lastly,  uncou- 
sciousness  indicate  this  condition.  It  passes  away  easily  and  rapidly  if  the 
fainting  person  falls  down  or  ia  laid  HaL,  so  that  the  hamostatic  pressure  of  the 
blootl  again  rises.  In  severe  cases  of  cerebral  anaemia  produced  by  the  other 
above-named  conditions,  other  more  serious  disturbances  may  be  present. 
The  braithing,  at  first  rapid,  is  slowed  and  deepened,  con\Till8ions  occur,  and  a 
gasping  breath  closes  the  scene,  since  the  brain  must  die  if  deprived  of  blood 
for  more  than  a  short  time. 

Anaemic  conditions  produced  by  tonic  contractions  of  the  arteries  usually 
pass  off  in  a  longer  or  shorter  time,  since  the  disturbance  of  the  innervation  of 
the  vessel  wall  cejises.  On  the  other  hand,  ligature  of  vessels  atul  ats^> 
embolic  and  thrombotic  occlusion  of  the  arteries  usually  produce  i>ermaiient 
disturbances  of  the  circulation,  and  frequently,  also,  of  the  nutrition  of  the 
tissues.     These  will  be  specially  considered  later. 

Pcniiamnl  occlnskm  of  an  arkiij  kads^iu  a  (jetwral  ruk^  (0  a  pertmuu  id  aittititmi 
ami  rmrrangemejd  of  the  vttsatlur  si/stem^  tuid  tjtneraUtj  to  the  devehprnent  <f  a 
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collateral  circulation  (Thonui).  The  changes  which  tlie  aortic  system  undergoes, 
in  consequence  of  the  oa'}umm  aftrr  birth  of  the  dudmy  urteriiisua  and  the  nitibiliral 
arterites,  may  he  taken  as  a  phyHiological  example  of  a  permanent  arterial 
occlusion.  The  aortic  system  of  the  foftus  is  supplied  \nth  blood  from  the  left 
ventricle  of  the  heart  and  from  the  ductus  arteriosus,  which  tkaws  its  blood 
from  the  right  ventricle.  The  two  umbilical  arteries  are  the  largest  branches 
which  the  aorta  gives  off.  So  soon  as  the  umbilical  arteries  and  the  ductus 
arteriosus  become  closed,  that  part  of  the  aort-^i  which  I  have  adled  the 
umbilical  poth — namely,  the  descending  aortu,  the  common  and  internal  iliacs, 
and  their  coiitinmition  as  far  as  the  origin  of  tho  umbilical  arteries — becomes 
much  too  large  for  the  amount  uf  blood  Hov>nng  through  it,  even  although 
the  contraction  of  the  umbilical  artery  is  continued  upwards  towards  the 
common  iliacs.  The  blood-stream  within  tho  umbilical  vessels  becomes  retarded. 
The  compensation  for  the  disturbance,  according  to  my  researches,  then  follows 
in  such  a  way  that  there  is  a  new  formation  of  connective  tissue  in  the  intima 
of  the  whole  of  the  umbilical  system.  This  adapts  the  lumen  to  the  lilood- 
stream,  and  is  ^juite  invariably  limited  to  the  undiilieal  path,  always  sjaring 
the  lateral  branches,  as  shown  in  Fig,  204.  At  the  same  time,  the  left  ventricle 
of  the  heart  and  the  ascending  aoi-ta  increase  rapidly.  At  the  end  of  the 
period  of  gro^vth,  therefore,  as  I  have  shown  in  my  investigations  on  the  histo- 
genesis and  histo-mechanism  of  the  vascular  system,  the  aorta  divides  in  such 
a  manner  that  the  area  of  the  transverse  section  of  the  lumen  of  tho  trunk  is 
equal  to  the  sum  of  the  ti-ansverse  section  of  its  branches.  Similar  results 
happen  after  (iniputafima.  If  the  thigh  is  am])utjitcd,  say  at  the  upper  limit 
of  its  lower  third,  the  branches  of  the  arteries  become  modified,  so  that  they 
are  again  adapted  to  the  circidation.  In  spite  of  the  circumstance  that 
the  blood-pressure  has  risen  in  the  main  artery,  in  consequence  of  the  ligature, 
the  main  artery  becomes  contracted,  as  I  have  been  able  to  demonstrate, 
partly  by  tonic  contraction  of  the  media,  and  partly  by  new  formation  of 
connective  tissue  in  the  intima  (Fig.  205).  This  contraction  may,  in  amputa- 
tions of  the  thigh,  be  traced  upwards  as  far  aa  the  common  iliac.  It  cannot 
be  demonstrated  in  the  aorta,  though  it  is  perhaps  present  there  nevertheless. 
The  heart  may  even  bo  somewhat  snmller  in  all  its  parts,^  if  so  large  a  part  of 
the  peripheral  circulation  as  that  of  the  greater  part  of  one  lower  extremity  is 
removed  from  the  circulation. 

A  similar  comperisation  for  the  disturbance  takes  place  after  other 
amputations  or  any  operations  which  involve  removal  of  limbs  or  large  parts 
of  the  l)ody.  It  is  similarly  obsen-ed  after  ulcerative  destruction  of  organs, 
e.g.  in  the  pulmonary  ai-tery  after  formation  of  cavities  in  the  lung.  Therefore 
a  somewhat  more  thorough  investigation  seems  chilled  for.  If  the  vessels  of 
an  amputation  stump  bo  examined  microscopically,  these  are  found  normal, 
with  the  exception  of  the  main  artery  and  some  of  the  lateral  branches  which 
have  been  divided  and  ligatured  during  the  operation.  The  lumen  of  the 
main  artery  is,  on  the  other  hand,  narrowed,  either  through  concentric  atrophy 
of  the  media  (Fig.  206,  h\  or  through  new  foraiation  of  connective  tissue  in 
tho  intima  (Fig.  206,  r),  or  through  a  combination  of  both  processes  (Fig. 
200,  d). 

The  concentric  atrophy  of  the  media  (Fig.  206,  h)  represents  in  this  case 
a  negative  growth,  which  is  caused  by  tho  slowing  of  the  blood-current  in  the 
ligatured  main  artery  of  the  amputated  stump.     In  spite  of  the  fact  that  above 

*  ObBeiTttions  of  tome  writ«n  which  contradict  these  statetuenta  mnst  be  explained  on  other 
.grounds. 
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the  ligature  the  blood -preseiii*e  has  somewhat  risen,  this  disturbance  of  the 
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FiQ.  204.— DImfraiuiiulUc 
repreaentatlon  at  the 
new  formation  of  the 
UsftQe  in  the  iiinbilica) 
■jriteii).  Ttie  arau  in 
whldi  tlit>  n«w  connec- 
tire  tiuue  fonni  ar« 
sbaded  darkly. 


Fiij.  'JOA.— Soliotiie  of  the 
rearraiigeiiicnt  of  th« 
arterijii  HysttJiii  aJl^r 
atnpuUtioii  of  the  l«ft 
thltch. 


Pia  HMSk— »,  TnuuvoiM  sectluo  of  n 
nornMl  right  ftmonl  utenr;  b,  c, 
r/,  coDtimctioD  of  the  left  nuperticial 
reuiuiul  after  amftotiition  of  its  iH-ri- 
phurti  part ;  6,  concentric  atrophy  of 
UiH  media;  c,  tiiickenlag  of  knliiiia  by 
connective thinue ;  d,  conantric atrophy 
of  niftilia  ajul  connective  tiswnc  thickcu- 
Ing  of  iutiiuft.  8omewl»at  diagTaiuiiuntic. 
Media  dark,  connoctire  tiaaUA  light, 
AdTcntltia  also  light   x  77. 


cii"culation  leads  Ui  ;i  cotilnietioii  nf  the  lumen  of  the  vesael,  in  accordance  with 
the  fii'st  histo-mechanicul  principle. 
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The  narrowing  hare  results  from  the  tonic  contraction  of  the  muscular  wall 
of  the  vessel.  The  tunica  media  of  the  urtery,  however,  since  a  long  time  had 
elapsed  after  the  operation,  is  thiimer,  because  the  tension  of  the  wall  hivs 
become  less,  because  of  the  diiniiiiition  of  the  lumen.  This  is  a  contirmation  of 
the  second  histo-mechanital  principle.  At  those  places  where,  notwithstanding 
the  sloM*ing  of  the  blootl- current,  the  concentric  atrophy  of  the  media  does 
not  occur  (Fig.  206,  f)  or  remains  incomplete  (Fig.  206,  //),  new  connective 
tissue  forms  in  the  intima  which  adapts  the  lumen  to  the  blood-stream.  I 
have  not  had  opportunity  to  investigate  delinitely  whether  by  these  processes 
the  horaonoray  and  equivalence  are  re-established,  and  whether  the  transverse 
section  of  the  main  trunk  again  equals  the  sum  of  the  tninsver-se  sections  of 
its  branches.     Such  a  research  could  only  yield  positive  results  if  a  number  of 
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V\^.  207, — ColUtcrsl  circuUtiou  tlirrjtif^h  twu  capillary  areiui  itml  tliij  t)ntiche«  of  «  vHn  after  coroprewijioo  *A 
an  artery,  h.  From  the  Itm^  uf  a  (rug.  The  polygotiai  ouUine*  corrtMpond  to  tiie alvfolar  vepta  stantlinc;  At 
right  angles  to  Uie  |)laim  of  tl)«^  lirawing.  Tlin  artorial  mmincatioiiH  lie  on  Uie  aurCtce  of  tlie  luag.  X, 
arterios ;  I',  \«m%.  The  arrowu  indtcato  the  dirfction  of  lh«  ciirrBnt.  The  caipillarii!*  am  only  lATtly 
indicated.     Atcnrdlnj:  Xn  Kntluer's  cxptTiiiienl.s. 

years  had  intervened  between  the  operation  and  the  day  of  death.  These  dati 
will  enable  us  to  compreheriid  the  development  of  a  wllaifrtd  rirculatum. 

After  the  ligature  of  the  main  artery  of  a  limb,  the  first  thing  that  happens 
is  the  disiippearance  of  the  pulse  in  the  peripheral  parts  of  the  limb.  The 
cxtrcmiity  becomes  pale  and  cool.  Ischannia  or  loc-id  anaemia  from  arterial  occlu- 
sion has  occiurcfb  This  may  become  permanent  if  the  arteries  are  diseased 
and  do  not  permit  of  a  modification  of  their  circulation,  and  thus  cause  death  of 
the  extremity.  But  this  unfavoural>lc  result  occurs  oidy  in  very  exceptional 
cases  where  there  is  a  high  degree  of  vascular  disease.  As  a  rule,  the  pulse 
returns,  in  twenty-four  hours  at  the  late.st,  to  the  peripheral  branches,  and 
these  appear  to  hv  JigJiin  filled  with  ciieulating  blootl 

Such  a  result  can  l»e  easily  understood  when  arteries  which  show  wide  arterial 
anastomoses  ha\'e  been  ligatured.  After  ligature  of  the  radial  artery  the  pidso 
is  not  usually  obliterated  below  the  ligature,  since  the  ulnar  and  radial  artorieB 
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ftve  free  anastomoses  in  the  ]>alm  o!  the  hand.  But  the  ejuly  reApi>earaticc 
of  the  pulse  after  ligature  of  the  main  arteries,  e.*?.  of  the  superticinl  femoral, 
is  very  striking.  In  this  case  there  are  only  slight  anastomoses  between  the 
profunda  femoi-al  and  the  articular  arteries  of  the  knee,  and  some  fine  tAvigs 
ronning  ulorig  the  nerve-tiunks,  axailable  to  carry  tlie  blood  to  the  leg.  Kven 
a  considerable  dilatation  of  these  vessels  does  not  by  any  me^ns  suffice  to 
explain  the  result.  We  must  tlierefore  bear  in  mind  the  fact  that  the 
capillaries  of  the  leg  and  thigh  offer  very  numerous,  although  narrow  anas- 
tomoses, through  which  the  blootl  may  [lass  from 
the  artez'ial  branches  that  arise  from  the  main  artery 
above  the  ligature  t^i  the  arterial  branches  of  the 
leg»  and  from  them  into  the  arteiial  trunk.^?  of  the 
latter.  The  researches  of  Zielonko,  Kiittner,  anil 
Goldenblum  on  the  web,  the  tongue,  and  the  lung  of 
the  frog  have  shown  clearly  the  great  importance  of 
the  capillary  anastomosis  for  the  development  of  the 
collateral  circulation.  Kiittner  was  mble,  niuler  th(; 
direction  of  Arnold  and  myself,  to  show  that  veins 
might  also  aid  in  the  establishment  of  the  collateral 
paths  between  two  arterial  are-is,  since  the  blood 
abo^e  a  ligature  flows  into  the  capillaries  and  thence 
into  the  veins,  which  again  give  off  their  blood 
through  ciipillai-ies  into  the  branches  of  the  ailery 
below  the  ligature  (Fig.  207 ). 

After  some  time  extensive  aiterial  anastomoses 
form,  as  a  rule,  both  from  the  dilatation  of  previously' 
existing  arterial  aniistomo.ses  and  from  the  formation 
of  new  ones  (Porta,  Tiedcinann).  The  new  arterial 
anastomoses  are  formed  by  the  dilatiition  of  capillaries, 
the  walls  of  which  at  the  same  time  acquire  the 
structure  of  an  artery.  Fig,  208  shows  diagnim- 
matically  the  conditions  which  may  be  observed  a 
long  time  after  ligature  of  the  left  superficial  femoral 
artery.  The  small  arterial  an^istomoses  which  may  be 
observed  in  the  right  lower  extremity  are  immensely 
increased  on  the  left  side.  A  network  of  small 
amistomosing  arteries  has  also  developed  at  the  seat 
of  ligature.  These  have  arisen  Jis  new  vessuls  in  the 
granulation  tissue  which  aided  the  healing  of  the 
wound.  They  may,  under  certain  conditions,  l>c 
much  developed,  and  are  then  of  great  imi>ortJince 
for  the  circulfttion  (Lobstein,  O.  Wel>er,  Porta, 
Tiedemann). 

How  is  the  development  of  such  a  coUater.il  circuktion  to  be  explained  ? 
Immediately  aliove  the  seat  of  ligature  the  blood  -  pressure  is  at  first  raised  in 
the  main  arteiy,  becfuiso  the  blood -flow  is  interrupted.  According  to  the 
older  views  this  rise  in  pressiu*e  above  the  ligatiu"e  is  the  cause  of  the  dilata- 
tion of  the  collateral  arteries.  This  explanation  has,  however,  never  been  fully 
justified,  since  the  rise  of  pressure  is  small,  and  it  must  therefore  remain 
unexplained  how  a  rise  of  blood -pressure  of  a  few  millimetres  of  mercury  can 
cause  a  sudden  dilatation  of  the  collateral  arteries.  It  seems  justifiable  to  put 
the  question,   What  would  hapjjen   to  the   vaecidar  system  if  every  rise  of 
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pressure  was  iiiiini'i1i..tL'ly  followed  by  a  considerable  dilatation  of  tlie  lumen 
of  the  arteri* 

Goldenbluiii,  uiu>,  undermy  direction,  uiidertrMjk  a  fresh  exanaination  of  the 
development  of  tlie  colktend  circulation,  was  able  to  show,  in  the  tongue  of 
the  living  frog,  that  not  oidy  does  the  pait  of  the  artery  wliieh  lies  on  the 
distal  side  of  the  ligature  become  contracted,  but  so  also  does  that  |.wirt  of  the 
artery  extending  between  the  proximal  side  of  the  ligature  and  the  first 
or  the  second  latei'al  branch.  This  C(mtraeii>m  of  i/u-  Jird  vascuhir  inieni<)d^  oh 
the  jrr<jiximal  side  of  tlw  litjatnre  ujtpmrsjive  or  ten  mmui/'it  after  the  tvwsfZ  is  tied  and 
remains  peifnaveni. 

Such  a  result  shows  that  the  width  of 
the  lumen  of  the  ai'tery  is  independent  of 
the  blood  -  pressiire.^  It  confirms  at  the 
same  time  my  first  histo-mechanical  prin- 
ciple, according  to  which  the  liinien  of  the 
artery  stands  in  relation  to  the  rapidity  of 
the  lilood- stream  (p.  265).  In  the  first 
^   f  I  arterial   inter  node  above  the  ligature   the 

f  }<         I  blood -flow  is  completely   interrupted,  but 

flA     1   \        rW        '  the  jmlse  waves  keep  the  blood  which  tills 

the  lumen  in  a  gentle  oscillating  movement. 
Accordingly  the  muscle  of  the  wall  of  this 
t>art  of  the  artery  contnicts  and  narrows 
the  lumen. 

On  the  other  hand,  the  blood-stream  is 
accelerated  in  the  lateral  liranches  which 
arise  on  the  proximal  side  of  the  ligature. 
Kecklinghausen  has  explained  the  reason 
of  this  acceleration  of  the  current  (Fig. 
*209).  After  the  ligature  the  lateral 
branches  have  not  only  theii  own  capil- 
laries, but  also  those  of  the  h'gatured  artery 
at  their  service.  The  capillary  area  open 
to  the  lateral  branches  has  thus  become 
larger.  The  rcsisbince  which  the  blood- 
stream has  to  overcome  lies  maiidy  in  the 
capillaiies.  If  the  capillary  area  of  any 
artery  becomes  considerably  increased,  this 
conesponds  to  a  fall  in  the  resistance  which 
the  blood  in  the  collateml  vessels  hiis  to 
overcome.  The  rapidity  of  the  stream  in 
These  collateral  bi-anches,  in  accordance  with 
the  first  histo-mechanicid  principle,  dilate  therefore,  and  this  lewis  to  fiu'ther 
mcreaee  in  the  mpidity  of  the  blood -stream  within  them.  Finally,  the  col- 
lateral circulation  develops  in  the  mamier  indicated  in  Fig.  2U9,  through  the 
assistance  of  the  capillaries.  According  to  Goldenblum,  the  collateral  branches 
of  the  artery  become  dilated  immediately  after  ligature.     But  this  dilatation 
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I'lo.  SOPr— Sdunne  of  tlie  developiii»'tit  of  Oib 
C«IUt«>T«1  clfrnUtlou  lu  t1)eti>n(^ue  of  tlie  ff«g 
«  nhort  llniP  mtlcT  ligature  of  tlie  iriaiu  urtury 
■t  1.  Only  th<NM<  capltlAiieM  arc  dnivm  wliich 
talu*  |«rt  lii  tli^  <l«v«lupinent  of  Uio  cnllutenil 
ciftiuUtitiJi.  T\if  ehanga»  Id  the  calibre  of  tbe 
uUMm  ttm  han  the  ramlt  of  a  change  in  the 
tone  of  ttko  veaaeU. 

the  collaterals  becomes  incre{ise<l 


'  LtitlwSg  and  his  impiU  have  nhown  that  the  arteriAl  aysttmi  adapts  its«lf  to  cbaura  in  tlie 
fUJioiitil  of  IiIckhI,  ho  u»  to  keep  the  blood-pn.\*wure  approxiiua.tely  iioriuaJ.  Tlie  result  of  this  experi- 
ment nirvy  also  l*e  interpreted  in  this  way :  tb&t  the  luiiieii  of  tlie  JUteriea  mlapts  itself  to  the 
amouat  ol  blood,  so  that  the  rate  of  the  current  remains  constant.  Tlie  maiutenauce  of  the  uonuAl 
prea«uro  it  Uieu  a  ooaMquenee  of  the  relatione  between  diameter  of  vts«j*el  and  rate  of  Htreaw. 
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i^ffecte  only  those  lateml  branches  of  the  artery  which  ramify  in  its  neighbour- 
hood 

The  dilatations  and  contractions  are  at  first  ett'ecte+l  by  changes  in  the  tonic 
innervation  of  the  vessel  wall.  They  afterwards  become  permanent,  since  the 
walls  of  the  vessels  in  which  the  stream  \&  accelerated  l>ocomc  increased  in  thick- 
ness, while  those  of  the  vessels  ivith  alow  circulation  atrophy.  The  growth  in  the 
vessels  which  t;ike  over  the  collateral  circulation  atiects  both  the  surface  and  the 
thickness.  According  to  the  first  histo-mechanicAl  principle  those  vessels  with 
a  mpid  blood-cnrrcnt  become  dilated.  They  iilso  become  increased  in  length, 
beciiuse  the  increased  rate  of  the  current  manifestly  also  stimulates  the  growth 
of  the  vessel  in  its  long  direction.  AVhen  fully  develt>iM?d,  the  collateral  branches 
jdways  show  striking  tortuosities,  Avhich  are  shown  in  the  scheme  in  Fig.  208 
ajs  well  as  in  Fig.  210,  which  is  drawn  from  nature.  As  the  vessel  dilates,  the 
tension  of  the  wall,  which  is  in  proportion  to  the  diameter  of  its  lumen,  also 
increases,  and  therefore,  in  accordance  with  the  second  histo-mechanical  principle, 
so  does  the  thickness  of  the  vessel  w^all,  and  particnlui'ly  that  of  the  tunica  media. 

On  the  other  hand,  in  that  part  of  the  main  artery  in  which  the  blood- 
currcrit  has  been  slowed^  a  concentric  atrophy  of  the  vessel  occui's,  which 
depends  on  similar  conditions.  The  atrophied  arteries  therefore  always  ap[n?ar 
straight,  since  the  retarded  blooil- current  not  only  diminishes  the  diameter 
but  also  shortens  the  artery,  so  far  as  the  conditions  permit. 

This  x'lQw  is  founded  partly  on  my  ow^n  observation.*,  partly  on  those  of 
Tiedemann  and  other  investigators.  Nothnagel  has  demonstrated  the  increase 
in  the  lumen  and  in  the  thickness  of  the  wall  of  the  collateral  branches  in  an 
interesting  series  of  experiments  on  warm-bloode*!  animals,  ^md  has  confirmetl 
the  result^s  of  my  investigation  in  so  far  as  they  apply  to  the  relation  between 
the  width  of  the  vessel  and  the  rapidity  of  the  bloo<l-streani. 

In  general,  it  may  be  postnhitod  that  thr  ordnsion  of  an  artery  lea^hj  as  a  mle, 
to  tJu-  dcpelapment  of  a  atllnteral  ctrnddtion,,  iitnl  tJuft  it  k  imltf  under  t'j-jrptmtal  ani- 
ditknu  thai  any  vtlier  ruiiitf  follousi.  Cohnheim  thought  that  the  occlusion  of 
arteries  that  had  no  arterial  anastomoses  {eml  arterki^)  always  led  to  the  death 
of  the  tissues  of  the  part  which  they  supply,  but  the  above-mentioned  facts 
clearly  show  that  this  view  is  untenable.  Years  ago  I  reptyited  the  exp^'ri- 
raents  on  which  Cohnheim  based  his  \iews,  without  Iteing  able  to  confirm 
them.  If  small  imrticlcs  uf  wax  are  introtluced  into  the  arteries  of  the  frog's 
tongue  by  means  of  Cohrdieim's  special  iipparatus,  no  hemorrhagic  infarction  of 
the  tissue  is  produced,  but  a  collateral  circulation  develops.  Goldenblum, 
at  my  suggestion,  repe^itedly  ligatured  the  arteries  of  the  frog's  tongue,  anrl  in 
every  aise  was  able  to  demonstrate  the  development  of  a  collatend  circulation. 
The  fliiferent  results  which  Cohnheim  obtained  are  presumably  due  to  the 
fact  that  he  exposed  the  outstretched  tongue,  after  occlusion  of  the  ailerics, 
to  the  action  of  the  air.  Under  these  cirLnmstJinces,  of  course,  stasis  and 
hsemorrhagic  infarction  of  the  tongue  develop.  The  result  is,  however,  reully 
due  to  the  drying  of  the  tongue  when  it  is  exposed  to  the  air  after  ligature. 
If  the  tongue  of  the  frog  is  repkiccd  in  the  mouth  after  ligature»  a  collateral 
circuhition  invariably  develops.  (»oldenbliim\s  numerous  experiments  on  liga- 
ture of  arteries  hiive  also  demonstrattid  the  fact  fJutt  the  octlusioH  tf  av  urtrrtf 
alwaijs  leads  to  tlte  funtuitiou  of  a  wlhUral  cirtnlatu/ti  if  Ihrre  h  rut  .<rprd(d  ohtrttdif/n. 
to  be  ovirrcAJiiit.  Experience  also  shows  that  even  congenital  occhiyion  of  the 
upper  part  of  the  thoracic  aorta  is  by  no  means  invariably  fat-al,  but  that  the 
effects  of  even  so  severe  a  lesion  may  be  obviated  by  the  fonnation  of  a 
collateral  circulation  (Fig.  310). 
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Cohnheim's  re6earch.es  on  embolic  processes  have  been  of  great  service,  how- 
ever. They  revealed  the  vahwble  law,  that  a  lonfj-mniinued  intemipii&n  of  the 
drculaikii  increases  tJi4  peiiMuhility  of  the  veasel  walls  to  such  an  extent  (luxt  not  only 
the  fluid  hd  eifai  the  soliii  catistitueiit^  of  the  hlfxd  may  jmss  rajndly  into  the  tissitea. 
Motion  of  the  blood-atrcam  seems  to  be  ;i  necessary  condition  for  the  Tiutrition 
of  the  endothelium.  If  the  blood-streum  is  inteiTupted  for  t\.  considerable  time, 
changes  in  the  condition  of  the  vessel  wall  are  set  up  which  are  indicated 
by  its  increased  permeability  (Cohnheim's  alteration  of  the  vessel  wall). 

I  have  generally  demonstrated  this  in  my  lectures  by  tying  a  hgjiture  firmly 
round  the  base  of  the  tongue  of  the  curarised  frog.  If  the  ligature  is  loosened 
after  three  days  the  vessels  become  rapidly  tilled  with  blood.''  They  then  allow 
such  a  large  quantity  of  their  plasma  to  pfiss  into  the  tissues  that  the  vessels 
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Fm.  IIO.— OoiigviiiUl  ucelimUui  uf  tliu  iipiJcr  «-iul  of  the  drsicnntliiiK  tUorar.lc  aorta  at  I  lie  point  of  JtmtUon  Of 
tho  duclUB  ikiUrrluauo,  witli  llie  furnu»Uoii  of  u  collateral  circalfttlon,  oljatjrveU  Ity  J.  V\  Meckel  lu  »  miller** 
ktKiiirpr,  t1iirCy-nv«  ynuv  of  nge,  who  ilied  tlirough  rupture  or  lli«  rigliC  ventricle  in  coDnetiuenoe  of  & 
mvtn  atnln  tttna  lining  »  mcIu    Ouctuii  artcricMun  cloned. 

immediately  l>ccome  filled  with  a  red  immobile  mass.  The  outlines  of  the  cells 
in  this  red  mass  cannot  l>e  seen,  because  the  whole  of  the  blood  plasma  luts 
passed  into  the  tissues.  This  condition  is  termed  stasb.  The  red  corpuscles 
also  begin  to  pass  into  the  tissues  (diapedeais),  although  the  vessel  wall 
when  seen  under  the  microscope  shows  no  change  in  its  appearance.  There 
can  be  no  doui>t,  however,  under  the  circimistances,  that  it  is  changed,  and  has 
become  more  permeable  than  nunnally.  Similar  phenomemi  sometimes  develop 
after  occlusion  of  arteries,  and  specially  after  embolic  occlusion  of  certain 
arteries.  It  has  been,  however,  already  pointed  out  that  it  is  necessary  to 
distinguish  between  the  effects  of  infective  and  non-infective  or  simple  em1)ol]. 

•  Tliw  experimesat  hu  been  more  folly  deacribed  by  Goldenbluni. 
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Simple  emboli  0/  iJu'  s^'iatk  uiieH^s  Icjul  to  the  formation  of  red  hemorrhagic 
infarctions.  It  is  knowai  that  the  peripheral  branches  of  the  splenic  artery 
have  no  anastomotic  connections,  conser^uently  the  eaUibHshment  of  a  collateral 
eircidation  must  lie  very  difficult.  Not  only  the  splenic  arteries,  but  ako  the 
traljeculaj  of  the  spleen,  which  cont^iit»  muscular  tissue,  are  sensitive  to  dis- 
turbances of  the  cux'ulation.  If  a  branch  of  the  splenic  artery  of  a  living 
animal  is  ligaturetl,  the  blood-current  coraea  to  a  standstill,  the  artery  con- 
tracts, and  80  too  does  the  corresponding  part  of  the  spleen  ;  it  becomes  aufemic. 
The  surface  of  the  aniemie  area  appears  pjii-tly  nothilated,  because  the 
contractml  trahecub'  draw  the  capsule  inwards.  The  spleen  continues  in  this 
condition  for  some  hoiu's  or  days.  Then  the  muscle  fibres  of  t!ie  tnibecidip 
gradually  relax  and  the  hiemorrhagic  infarct  now  develops.  The  veins  Itoconie 
distended  with  blooil  either  from  adjacent  are^is  or  from  the  hilum  ;  but  their 
walls,  in  consequence  of  the  long-continued  ausemia,  have  Ijecome  more  permeable 
than  they  are  under  normal  conditions.     The  blood,  therefore,  passes  freely  intci 
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Flo.  211.— Two  ■pleetis  on  tnnsverse  section.    «,  HKiUDrrhogic  Infarct :  t>,  tiecolorUjtj  jurunel  with 
beRinninit  ck-atrtRatfou.     Nnt^rul  mhe. 


the  spaces  of  the  spleen  pulp  and  distends  those  greatly.  That  part  of  the 
spleen  tissue  where  the  arteries  are  blockefl  by  an  embolus  or  by  a  ligature 
is  now  atmoi-mally  swollen,  and,  at  the  same  time,  is  dark  purple  from  the  gra-n 
distension  of  the  splices  with  blood,  as  is  indicated  in  Fig.  211,  n.  The  absence 
of  the  collateral  circulation  after  embolic  occlusion  of  the  splenic  arteries  is 
explained  by  the  contractility  of  the  traboculai  and  the  capsule  of  the  spleen. 
These  compress  the  spleen  tissue  when  the  arterial  supply  ia  cut  off,  and  keep 
it  so  long  ancemic,  that  the  permeability  ol  the  splenic  veins  is  increased  to 
such  an  e.xtcnt  that  blood  extravasatea  in  gi"eat  quantity,  over-distends  the 
spaces  of  the  pulp,  and  produces  the  condition  of  haemorrhagic  infarct  The 
establishment  of  a  collateral  circulation  is  thus  no  longer  possible.  The 
infarcted  spleen  tissue  dies  and  the  haemorrhagic  infarct  undergoes  further 
changes. 

First  the  infarct  becomes  decolorised.  The  process  of  decolorisation  has 
generally  been  explained  as  due  to  solution  of  the  ha?moglobin  and  its  diffu- 
sion into  the  suiTOunding  tissues.     This  may  certainly  huppen.     It  appears^ 
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however,  that  the  cHssolved  hiemoglohin  may  be  locally  transformed  into 
colourless  substances,  in  consequence  of  the  absence  of  free  oxygen,  and  that, 
during  the  process,  dark  red  ho?motoidin  crystals  (bilirubin)  arc  separated  out. 
The  nonnal  brown  pigment  of  the  spleen  also  disappears,  as  a  result  of  the 
reduction  of  the  amount  of  oxygen  in  the  tissues,  as  Panski  and  I  have  shown. 
The  atfecte^J  part  presents  the  appearance  of  a  decolorised  infarct.  It  is  pale, 
of  a  whitish  coloiu-,  and  a  zone  of  cicatrising  connective  tissue  gradujdly 
develops  round  it  (Fig.  211,  h).  Subsequently  the  infarcted  tissue  becomes 
slowly  absorbed,  so  that,  ultimdt^ly^  only  a  scar  (Fig.  212)  may  mark  the 
seat  of  the  earlier  lesion. 

Simple  eniholi  of  the  reiuil  arffriei^  aiU  their  IrranrJieii  have  quite  different  resiilis. 
The  trunk  of  the  renal  artery  in  man  gives  off  some  branches  to  the  suprarenal 
axpsuies,  the  fat  at  the  hihini  of  the  kidney,  the  pelvis  of  the  kidney,  the 
ureteFj  and  the  lumbar  lymph-glamls.  The  interlobular  arteries  of  the  kidney 
are  mostly  in  connection  with  the  blood-vessels  of  the 
capsule  of  the  kidney  and  the  siu-roundiug  fatty  tissue. 
But  all  these  connections  are  very  slight,  so  that^  as  a 
rule,  the  conditions  for  the  development  of  a  colkteral 
circuhition  are  not  favourable.  On  the  other  hand^ 
as  Litten  has  shown,  the  renal  epithelium  is  very 
sensitive  to  interferences  with  its  blood -supply.  The 
epithelium  of  the  tubidea  dies  within  two  hours  after 
the  occlusion  of  the  artery  which  supplies  it.  When 
small  quantities  of  blood  begin  to  flow  into  the  ischn?mic 
area  from  the  collateral  connections,  chiefly  from  the  capil- 
laries of  the  ciipsule,  the  dead  renal  epithelial  cells 
greedily  absorb  the  water  contained  in  the  blood.  They 
thereby  swell  up  and  narrow  the  Inmen  of  the  aipillaries, 
and  all  the  more  so  because  the  tense  connective  tissue 
c^ipsule  of  the  kidney  hinders  the  enlargement  of  the 
organ.  The  ischR>mia  induceil  by  the  emliolic  closure 
of  the  renal  artery  or  one  of  it.s  branches  therefore  be- 
comes permanent,  and  a  jmle  infard  is  formed  in  the 
kidney.  If  the  main  renal  artery  is  occluded,  the  whole 
organ  may  ilie  in  thi.s  manner.  As  a  rule,  however,  it  is 
only  smaller  Ijranchcs  that  are  occhided.  The  pale  infarct 
is  then  distinctly  wedge-shaped,  and  is  mostly  limited  to 
the  cortex.  The  corresponding  part  of  the  medulla,  on 
the  other  hand,  often  appears  nmch  reddened  or  even  hiemorrliagically  infarcted 
in  the  region  of  the  vasa  rectcu  In  this  area  the  swelling  of  the  epithelium  cannot 
manifestly  cause  such  contraction  of  the  capillaries.^  The  change  in  the 
permeability  of  the  vessel  wall  produced  l»y  cutting  off  the  arterial  supply  may 
therefore  appear  in  this  part  as  a  ha.'morrhagic  infarction.  If  the  jmlo  infarct  of 
the  kidney  in  man  is  examined  microscopically,  it  is  seen  that  the  geneml 
features  of  the  kidney  strnctiue  are  maintained.  The  supporting  connective 
tissue  is  soniewhat  opaque,  and  is  stretched  anrl  narrowed  in  consequence  of  the 
increfiso  in  size  of  the  tubules.  The  epithelial  cells  of  the  tubtdes,  which,  to 
the  naked  eye,  appear  whitish  by  reflected  light,  are  opaque  when  examined 


Fia.  312.— Scar  iA  Kpleeo  tiMue 
After  Inbrct.  Tnuisven« 
nectiOD.    Roduoed  in  lin*. 


'  tn  other  diseases  of  the  Iddoey  whkb  fire  associAle«l  with  a  ^rrteat  iucrea.>te  in  tho  volame  of  tlie 
epithelium,  Cjf,  in  certain  form*  nf  par^ucbynmiouK  nephritii,  iiu  anifrnia  of  the  cortex,  and  con- 
gcatiou  of  the  njedttlla,  Although  without  hiTinorrhogic  iti/an:tioii  of  the  latter,  may  be  obiicrved  after 
death. 
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hy  transmittefl  light  with  the  microscope  (Fig.  2i;J).  The  outlines  of  the 
individual  cells  in  tht>  convoluted  tulmles  cannot  1>g  distiticth^  seen.  Their 
protoplasm  is  coarsely  graiudiu',  sometimes  showing  clear  homogeneous 
spherules,  which  undoubtedly  consist  of  swollen  tdbunien  (luiclein  ?).  The 
lumen  of  tht^  canals  is  (after  hardening  in  alcohol)  filled  with  coagulated  massos, 
which  are  for  the  most  part  rather  finely  granular,  but  in  some  places  include 
homogeneous  sphendes  of  swollen  allnimen.  The  lUicltn  of  the  epithelium,  the 
coiuiective  tissue,  and  the  1 4i»od- vessels  are  altered  throughout  the  whole  extent 
of  the  infarct,  so  that  they  r»o  longer  tttke  on  the  usual  stains.  Only  here  and 
there  faintly  stained  masses  of  granules  are  found — the  remains  of  nuclei  that 
have  undergone  gnuudaf  degeneration. 

These  are  the  changes  which  follow  local  death  of  tissue.  Suhsequently 
a  zone  of  very  cellular  connective  tissue  develops  around  the  infarct.  This 
grmliially  penetrates  the  infarct  and  cicatrises.  The  dead  renal  tissue  is  gi-adu- 
ally  ahsorbed,  and,  finally,  a  ciciitrix,  v.arying  in  size,  remains  as  the  only 
indication  of  the  lesion. 

Uliite  sfifknifftj  kJ  the  hraiu  develops 
in  a  similar  manner  from  embolic  occlu- 
sion of  the  small  cerebral  arteries. 
Occlusion  of  the  main  trunks  of  the 
cerebral  arteries,  jis  already  mentioned, 
leiuls  to  no  change  of  any  initiortance, 
so  long  as  a  free  collateral  circulation  is 
provided  by  the  circle  of  Willis.  On  the 
other  hand,  white  softening  of  separate 
areas  is  generally  seen  in  end>oiism  of 
the  small  arterial  branches  which  supply 
the  bas;d  ganglia  (corpus  striatum  and 
optic  thalamus).  These,  as  shown  by 
Duret^  have  absolutely  no  arterial  anastt)- 
mo-sos.  Their  occlusion  therefore  favours 
the  occurrence  of  local  ischivmia ;  but, 
further,  the  tissue  of  the  central  ner- 
vous system  is  even  more  sensitive 
than  the  kidney  to  deprivation  of  blood. 
It   dies    in    a   few    minut^^s,   and   then, 

like  the  kidney,  swells  up  and  thus  compreaseB  its  capillaries.  The  ischaemia 
V>eeonies  complete,  and  the  development  of  a  collateral  circidation  is  prevented. 
The  dead  tissue  becomes  fluid  and  is  absorbed,  so  that  finally  a  canity  filled  ^vith 
a  turbid  fiuid  remains.  Similar  changes  are  ])roduce*l  by  embolism  of  the  larger 
arteries  of  the  cerel»ral  cortex,  r.g,  middle  cerebral.  According  to  Duret, 
these  have  certainly  numerous  arterial  ana-stomoses  ;  yet,  in  spit^c  of  this,  large 
emboli  produce  white  softening  of  the  cortex,  although  this  is  limited,  as  a  rule, 
to  smaller  area.s  in  which  the  collateral  circulation  is  developed  either  imper- 
fectly or  not  at  all. 

After  rmholmft  *>/  thr  supnior  mfHtufirk  tirhnj,  as  Litten  has  shown,  it  is 
specially  difficult  for  collateral  circulation  to  develop.  There  are,  of  course, 
anastomotic  connet^tions  with  the  co?liac  and  the  inferior  mesenteric  arteries  ; 
but  these  anastomoses  arc  insufficient  in  relation  to  the  very  considerable 
extent  over  which  the  branches  of  the  superior  mesenteric  artery  are  distributed, 
namely,  the  jejunum,  ileum,  the  ascending  and  half  of  the  transverse  colon. 
Litten  was  able  to  show  that,  after  ligature  of  the  superior  mescuieric  artery,  the 
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blood-pressure  within  it  was  reduced  to  wX,  No  blood  escaped  when  the  artery 
was  divided  on  the  distal  side  of  the  ligature.  The  absence  of  the  collateral  circulft' 
tion  was  followed  by  impairment  of  the  nutrition  of  the  walls  of  the  capillaries, 
which  soon  became  very  considerable.  In  my  opinion,  the  rapidity  with  whic^ 
severe  nutritive  disturbances  of  the  walls  of  the  intestinal  capillaries  develop 
is  due  to  the  presence  of  large  amounts  of  digestive  juices,  products  of  digestion, 
microbes,  and  the  products  of  their  action,  all  of  which  attack  the  anaemic  bowel 
wall 

The  capillary  walls  become  very  permeable.  The  blood  contained  in  them 
escapes  into  the  tissue  of  the  bowel  wall,  particularly  the  mucosa  and  submucosa, 
while  the  capillaries  are  re-filled  from  the  veins.  In  a  short  time  hsemorrhagic 
infarction  and  necrosis  of  the  mucosa  and  submucosa  of  a  large  part  of  die 
small  and  large  intestine  develop,  and  bloody  diarrhoea  occurs.  Similar  changes 
are  produced  in  the  serous  coat,  because  the  toxic  action  of  the  bowel  contents 
extends  to  this  and  induces  septic  peritonitis.  Death  follows  in  a  short  time 
with  symptoms  of  septic  intoxication. 

The  facts  stated  with  regard  to  simple  emboli  may  be  summed  up  somewhat 
as  follows : — 

(1)  The  occlusion  of  arteries  by  simple  emboli  is  generally  compensated  for  by 
development  of  a  collateral  circulation. 

(2)  If  the  local  conditions  prevent  the  development  of  a  collateral  circulation, 
the  local  ischaemia  is  followed  by  a  disturbance  of  the  nutrition  of  the 
endothelium  of  the  vessel  wall,  which  is  indicated  by  a  great  increase  in 
the  permeability. 

(3)  The  great  increase  in  the  permeability  of  the  capillary  wall  leads, 
generally,  to  an  escape  of  blood  plasma  and  some  of  the  red  and  white 
corpuscles  into  the  tissue.  The  space  thus  vacate  in  the  capillaries  is 
immediately  filled  with  blood  from  the  neighbouring  capillaries  or  veins, 
which  continues  to  pass  into  the  tissue  of  the  embolised  area  until  the 
pressure  in  this  tissue  is  equal  to  the  pressure  within  the  surrounding 
capillaries  and  veins.  In  consequence  of  the  removal  of  plasma  the 
blood  in  the  embolised  area  imdergoes  stasis.  To  this  is  superadded  the 
phenomena  of  diaped^sis,  the  passage  of  red  blood  corpuscles  through  the 
altered  vessel  wall  into  the  tissue.  The  embolised  area  now  shows  the 
characters  of  hcemorrhagic  infarct;  the  nutrition  of  the  tissue  within  this 
area  is  permanently  interrupted.  The  infarcted  area  dies.  It  becomes 
decolorised  (decolorised  infarct).  Finally,  the  dead  tissue  is  absorbed  and 
replaced  by  a  cicatrix. 

(4)  If  after  embolic  occlusion  of  an  artery  the  tissue  of  the  ischaemic  area 
dies  rapidly,  swells  up  and  compresses  the  capillaries,  so  that  both  the 
development  of  a  collateral  circulation  and  the  occurrence  of  stasis  and 
diapedesis  are  prevented,  no  haemorrhagic  infarct  is  formed,  but  in  its 
place  a  white  infarct  or  a  white  softenimj.  The  area  of  necrosed  tissue 
in  this  case  remains  permanently  anaemic.  It  appears  white  or  pale  in 
consequence  of  the  opacity  produced  in  the  tissue  after  it  dies.  It  may 
be  inspissated  and  become  paler  {white  infarct),  or  may  be  liquefied  (white 
softening).     It  ultimately  undergoes  absorption. 

Infective  emboli  produce  at  first  the  same  circulatory  disorders  as  simple 
emboli,  but  to  these  are  superadded  the  action  of  the  infective  poison.  This 
may  materially  influence  even  the  first  stages  of  the  circulatory  disturbance. 

The  lungs  may  be  taken  as  an  example  of  such  occurrences.  Simple  emboli 
in  single  branches  of  the  pulmonary  artery  lead  regularly  to  the  development 
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of  a  collateral  circulation,  as  is  distinctly  seen  from  the  obeervations  and 
experiments  of  Virchow,  Kiittner,  Colinheim,  and  Litten.  It  is  only  multiple 
simple  emboli  in  numerous  branches  of  the  pulmonary  artery  that  arc^  under 
certain  circumstances,  followed  by  relatively  small  ha3morrhagic  infarctions  of 
the  organ. 

Infective  emboli,  such  as  are  frequently  enough  observed  in  metastatic 
pyjeraias,  on  the  other  hand,  sometimes  produce  hiemorrhagic  infarctions  which 
occasionally  are  sharply  circumscribed.  Under  such  circumstances  it  appears 
probable  that  the  jwiaon  contained  in  the  emboli  has  an  injurious  effect  on  the 
capillary  walls  and  produces  ha'morrhages  which  fill  the  corresponding  lobules 
of  the  lung  with  bloo<i,  although  no  pronounced  ischopmia  preceded  the 
infarction. 

Similar  hnemorrhagic  infarctions  occur  also  in  other  organs  from  infective 
emboli.  They  do  not  occur  regularly,  however.  The  formation  of  imiad<\iii' 
absct'sseji  is  to  be  regarded  as  the  regular  consecjuence  of  the  occlusion  of  vessels 
by  emboli  containing  pyogenic  organisms.  This  will  be  subeeijuently  con- 
sidered more  fully  in  relation  to  suppuration.  It  is  enough  here  to  {mint  out  that 
the  occurrence  of  metastatic  sTippuration  is  independent  of  the  question^  whether 
the  embolism  is  followed  by  a  collateral  circulation  or  not.  The  suppuration  is 
the  rosidt  of  the  presence  of  pyogenic  organisms  and  the  products  of  their 
lueUibolism.  On  the  other  hand,  the  extent  of  the  abscess  is  very  frequently 
influenced  by  the  disorder  of  the  circulation  which  the  embolus  produces 
mechanically.  Ischa?mia  as  well  as  hiemorrhagic  and  \xi\e  infarcted  areas  are 
more  sensitive  to  the  attacks  of  the  pyogenic  organisms  than  tissues  in  which 
the  circulation  is  normal.  If,  therefore,  infective  emboli  enter  the  spleen,  the 
kidneys,  or  the  brain,  abscesses  frequently  form  which  con-espond  in  form  and 
in  size  to  the  above -described  red  and  white  infarcts  and  white  softenings. 
The  details  of  abscess  formation  will  bo  considered  fidly  under  suppuration. 
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IV.  Local  Venous  Congestion 

Local  venous  hypera?inia  ari&es  from  ol>struction  to  the  outflow  of  blood 
from  the  veins.  This  may  be  caused  by  thromboses,  eicternai  pressure,  liguture, 
pressure  of  cicatrices,  and  many  similar  conditions  which  rilso  narrow  the  veins 
locally.  It  occurs  in  the  snme  way,  bat  to  a  much  greater  extent^  if  the 
obstruction  is  in  the  thorax  or  abilomen.  Increase  of  pressure  in  the  peritoneal 
cavity  during  pre'^^iiancy,  from  large  tumours,  or  gre«at  accumulation  of  fluid 
are  the  most  important.  This  pressure  is  exerted  on  the  contents  of  the  large 
venous  trunks  which  lie  immediately  behind  the  peritoneum,  antl^  so  long  as 
the  artf^rial  pressure  remains  unaltered,  imjicdes  not  only  the  circulation  within 
the  abdominal  viscera,  but  also  that  of  all  the  organs  whose  veins  open  into 
the  inftrior  vena  cava.  Tliere  is  this  diSerencf,  however,  in  the  effects  in  the 
two  cases,  that  the  increased  intra-abdominal  pressure  also  compresses  the 
capillaries  of  the  organs  in  the  abdominal  cavity,  and  therefore  causes  ana^^mia 
of  the  aWominal  organs,  while  in  the  lower  extremities  there  is  only  the 
obstruction  to  the  venous  outflow. 

The  obstruction  to  the  venous  outflow  leads  to  a  n'tardatton  of  thf  hlood-sirmm 
in  the  rdm  mul  rupillunm  in  the  attVcted  area. 

The  retardation  of  the  circulation  reduces  the  frictional  resistance.  A 
smaller  fraction  of  the  arterial  pressure  is  therefore  lost  through  friction  in  the 
congested  area,  so  that  there  is  a  riar  of  //w?  bUKd-jnc^mur  in  the  capillaries  and 
veins  in  this  area. 

The  rise  of  pressure  leads  to  a  w'drnivg  of  the  luwm  <f  the  aijnlhiri^A  and  veiin*, 
which  again  causes  retardation  of  the  stream  in  these  areas.  Further,  the  rise 
of  presstire  causes  an  iiiafnsf  in  triiv^udat'um,  which  may  produce  dropsy  {aMlema) 
if  the  lymph-vessels  become  unable  to  carry  off  the  fluid  that  has  transuded 
into  the  tissues. 

Finally,  the  obstruction  to  the  venous  escape  is  followed  not  only  by  slowing 
of  the  current,  but  <dsi}  hj  tj  dimimUhn  in  the  amnunt  of  blooil  wkifh  jJtnvs  thrt/uyh 
tfic  Ci/ntjt\sti'd  arm  in  a  given  time. 

In  the  ((denes  of  the  congested  area,  when  the  obstruction  is  very  great,  the 
blood-stream  is  greatly  retarded,  while  the  pulse  becomes  more  distinct.  The 
blood  oscillates  backwards  and  forwards  in  the  arteries,  so  that  the  systolic  advance 
is  somewhat  greater  than  the  diastolic  recession.  At  the  same  time,  the  arteries 
appear  slightly  narrowed  or  of  normal  width,  as  Zielonko  has  demonstrated  in 
the  web  of  a  frog.  This  narrowing  of  the  arterial  wall  in  venous  congestion 
again  confirms  my  law  that  ret-}irdation  of  the  flow  in  an  artery  leads  to  a  con- 
traction of  that  artery,  tlie  contraction  bciug  due  either  to  the  tone  of  the 
vessel  wall  or  to  an  alteration  in  4ts  structure.     If  in  severe  congestions  the 
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Qtraction  of  the  wall  is  only  flight  or  iiko^fther  absent,  this  is  prrhaps  the 
consequence  of  the  fact  that  the  great  retardation  of  the  blood -stream  lowers 
the  nutrition  of  th<i  wall  of  the  vessel,  and  perhaps  also  injures  the  nutrition  of 
the  nervous  api)aratns  of  the  vessel  wall.  In  congestions  of  less  degree  the 
narrowing  of  the  arteries  is  more  easily  deterniincd.  This  may  sometimes  suffice 
to  re-establish  the  normal  rapidity  of  the  blood-stream  in  the  contracted  arteries, 
notwithstanding  the  fact  that  the  current  in  the  capillaries  and  veins  may  be 
considerably  retarded. 

These  events  can  be  very  easily  followed  in  the  tongue  of  the  frog.  Fig.  214 
sliowa  the  branching  of  a  frog's  tongue,  which  ia  so  far  abnormal  that  the  right 
lateral  vein  nf  the  tongue  is  relatividy  [morly  developed.  The  left  lateral  vein 
wa.s  ligatured  at  /,  after  the  frog  had  been  curarised.  The  tongue  was  then 
replaced  in  the  mouth.  Twenty  hours  later  it  showed  only  traces  of  redness 
and  swelling  when  lying  in  the  floor  of  the  month.  When  stretched  on  the 
special  app^aratus  it  rapidly  became  redder,  and  the 
ditions  indicated  in  the  figure. 

In  the  area  of  the  left  lateral  vein  there  was 
considerable  congestion,  indicated  in  the  drawing  by 
the  dilatation  of  the  branche.s,  which  is  perhaps  some- 
what exaggerated.  Microscopically,  the  current  in  the 
arteries  was  only  slightly  slowed,  that  in  the  capillaries 
rather  more  so.  The  current  in  the  veins  that 
were  greatly  dilate<l  was  exceedingly  sluggish.  Still 
it  was  never  completely  arrested,  since  the  right 
lateral  vein,  in  spite  of  its  abnormally  small  size, 
provided  a  collateral  circulation,^  and  on  the  left  side 
there  is  also  a  collateral  circulation  through  some 
capillaries.  The  ttrtriu\<  in  the  congested  urea  weie 
found,  twenty  hours  after  ligature,  to  be  somewhat 
wmowff  than  at  the  beginning  of  the  experiment. 
This   narrowing  would  probably  have  been  greater 

had  it  not  been  that  the  stretehiug  of  the  tongue  f,o.  214— vt-ins  .,r  ti..-  tongm-  <.f 
necessary  for  the  measuring  of  the  arteries  always  *'•**  ^^*^  twenty  iioure  nfitr 
dilates  them.  The  difference  in  the  vessels  Iwifore  and 
♦luring  the  congestion  is  however  quite  distinct,  if,  after 
ligatuie,  the  tongue  is  replaced  for  a  time  in  the  mouth,  in  order  to  allow  the 
immediate  consequences  of  the  unavoidable  (mechanical)  laceration  of  the  tongue 
during  ligature  to  pass  ofF. 

This  experiment  shows  how  the  circulation  is  carried  on  after  occlusion  of 
a  vein  in  cases  in  which  anastomoses  e-xist,  but  are  relatively  slight  The 
results  are  quite  different  when  both  lateral  veins  are  ligatured  at  the  root  of 
the  tongue.  This  proceeding  closes  all  means  of  escape  by  the  veins  and 
renders  the  venous  anastomoses  useless.  Accordingly,  a  high  degree  of  venous 
engorgement  develops  immediately.  The  tongue  becomes  dark  red.  In  many 
capillaries  the  blood  completely  loses  its  plasma,  so  that  stasia  begins  to  appear 
in  many  places.  Even  although  the  tongue  be  replaced  in  the  mouth,  no 
compensation  follows  to  remove  the  disturbance  produced  by  the  tension  of 
the  organ.     In  twenty  houi-s  the  terminal  half  of  the  tongue  which  is  still  in 

'  For  this  experitiient  I  have  puriMJsely  chost'ii  frogs  which  »how  the  nhovo-ioentioned  ab- 
normality, in  onkir  to  show  the  itnporUnce  of  the  dctiuu  of  a  Mucdl  previously  existing  venous 
chanuel.  After  lig«tare  the  toagne  mast  on  no  account  (an  is  ofteu  done)  he  left  stretched  on 
the  apparatus,  t$iuc«  thi^  itijures  it,  ho  that  stitnia  is  vbi-^'  easily  induciMl,  This  should  be  home  in 
mind  if  the  experiment  ia  repeated. 
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the  month  is  deeply  reddened  and  slightly  ewollen  as  far  as  the  line  of  the 
ligature. 

If  the  organ  is  them  sproid  out  for  microscopic  examiuation,  stasis  and 
escape  of  red  corpuscles  (diapedesis)  into  the  tissues  will  be  seen  ;  but  the 
circulation  is  not  fully  arrested.  Tho  column  of  blood  in  the  arteries  shows 
active  oscillatory  mo%'ementa  synchronous  with  the  pulse,  and  at  the  same 
time  moves  slowly  forwards.  The  blood-current  then  escapes  from  the  arteries 
into  some  still  pervious  capillaries,  and  finds  its  way  thi*ough  theso  into  the  veins, 
which  are  very  greatly  dilated  (Fig.  2 1 5).  The  current  that  enters  the  veins 
is,  however,  very  slow,  since  the  only  outlet  for  the  venous  blood  is  by  some 
capillaries  at  the  root  of  the  tongue.  Tliis,  of  course,  will  only  be  reached  by 
the  blood  flowing  backwards  through  some  small  venous  branches  towards  the 
capillaries  which  lead  to  tho  anastomoses.  The  arteries  when  measured  under 
the  microscope  appear  slightly  narrowed,  as  in  the  preceding  case. 

In  warm-blooded  animals  and  in  man  such  a  condition  of  the  arterial  walla 
cannot  be  directly  demonstrated,  still  there  are ' 
grounds  for  supposing  that  a  similar  condition  exists. 
Emminghaus  found  that  after  simple  ligature  of 
the  veins  in  dogs  there  was  only  a  slight,  though 
certainly  demonstrable,  increase  of  transudation  and 
formation  of  lymph.  On  the  other  hand,  the  experi- 
ments of  Ranvier,  Helm,  Emminghaus,  and  Rott  have 
shown  that,  after  ligature,  the  transudation  increases 
very  considerably,  and  that  dropsy  or  oedema  of  the 
tissues  in  the  congested  areas  super^^enes  fairly 
regularly  if  the  cortrspttmiing  mso-moUrr  nerves  are  <Uso 
<}mfirtl.  The  result  of  these  ex|ieriments  is  easily 
explained,  since  Emminghaus  baa  shown  that  section 
of  the  vaso-motor  nerv^es  raises  the  temperature  of  the 
])aw  of  the  animal.  This  points  directly  to  a  dicta- 
tion of  the  arteries  of  the  limb.  Therefore,  we  may 
at  once  conclude  that  the  dilatation  of  the  arteries 
which  follows  the  section  of  a  nerve  materially  in- 
creases the  effect  of  the  obstiniction  to  the  outtiow 
of  the  venous  blood. 

This  result  is  completely  in  harmony  with  the 
conditions  found  in  human  pathology.  It  is  most  simply  explained  by  the 
assumption  that  the  diminution  of  the  amount  of  blood  which  flows  through  a 
vascular  area  in  a  given  time  as  the  result  of  venous  engorgement  is  followed 
in  warm-blooded  animals  and  in  man,  just  as  in  tlie  frog,  by  a  slight  contrac- 
tion of  the  afferent  arteries. 

The  contraction  of  the  arterial  wall  in  moderate  degrees  of  engorgement  is 
certainly  insufficient  to  re-establish  the  normal  rate  of  flow  of  the  blood-ciurent 
in  the  artery,  perhaps  because  the  nutrition  of  tlie  vaso-motor  nervous  mechanism, 
and  therefore  of  the  regidation  of  the  vasciUar  tone,  is  disturbed  within  the 
congested  area.  The  slight  contraction  of  the  afferent  arteries,  however, 
impedes  the  access  of  blood,  and  the  consequence,  therefore,  is  that  the  rise  of 
pressure  caused  by  the  engorgement  proves  to  be  relativel}'  small.  Accordingly, 
the  transudation  increase*  only  slightly,  and  dropsical  effusions,  as  a  rule,  do  not 
appear.  Capillaries  and  veins  are  certainly  dilated,  and  the  rate  of  the  flow 
through  them  is  undoubtedly  diminished.  The  diminution  of  the  aiterial 
supply  then  renders  it  possible  that  the  pre-existing  venous  anastomoses  and 
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the  collateral  channels  may  suffice  to  carry  away  the  Iflood  from  the  congested 
area,  ao  that  there  is  no  rise  of  pressure  of  any  importance  in  the  capillaries,  or 
any  considerable  increase  of  transudation,  or  any  a'dema. 

It  is  only  when  all,  or  the  great  majority,  of  the  veins  of  an  area  are 
occluded  that,  even  although  the  arteries  are  narrowed,  the  pressure  in  the 
capillary  areas  and  in  the  small  and  large  veins  rises  so  considerably  that  the 
transudation  increases  to  a  considerable  extent  and  tedema  occurs. 

Diseases  of  the  arteries,  however,  in  which  the  muscular  apparatus  of  the  wall 
is  weakened,  and  their  tone  impaired  (arteriosclerosis),  lead,  as  is  well  known, 
even  in  slight  congestions,  to  such  increase  of  transudation  as  to  cause  watery 
effusions.  The  same  result  takes  place  in  man  if  disturbance  of  the  vaso-motor 
innervation  is  associated  with  venous  engorgement.  So,  for  example,  com- 
pression and  transverse  crushing  of  the  spinal  cord  in  injury  to  the  bodies  of 
the  vertebne  leads,  in  many  cases,  to  a  dilatation  of  the  arteries  of  the  lower 
limbs,  and  this,  when  venous  engorgement  supervenes,  is  associated  with  cedema 
(Laycock,  Leyden). 

In  external  parts  of  the  body,  especially  in  the  extremities,  venous  conges- 
tion presents  the  following  features  : — 

(1)  IncrmMii  inmlliiuj  of  the  tissue,  ha  consequence  of  the  dilatation  of  the 
capillaries  and  veins»  and  of  the  increased  distension  of  the  connective  tissue 
spaces  with  transudation. 

(2)  Reduml  trmjmnUirf  of  the  skin,  because  in  a  given  time  smaller  quantities 
<;f  warm  blood  flow  through  the  congested  area,  and  therefore  less  heat  is 
brought 

(3)  Purple  aflm'titimt  if  the  skin,  fyrin/j-^s  especially  in  the  tips  of  the  fingers 
and  toes,  because  the  blood  in  the  capillaries  contains  an  increased  amount  of 
carbonic  acid,  in  consequence  of  the  slowing  of  the  blood-current. 

These  appearances  may  be  of  long  duration  if  the  action  of  the  heart  is  so 
impaired  that  it  produces  local  venous  hypertemia  in  a!l  parts  of  the  body-— that 
is^  if  this  local  venous  hypera3mia  is  part  of  a  general  venous  hypcncmia. 

The  increased  transudation,  consequent  on  the  engorgement,  leads  to  over- 
nutrition  of  the  tissue,  which  appears  especially  in  the  extremities  in  the  form 
of  thickenings  of  the  skin,  the  aulicutaneous  and  iut^Tmuscular  connective 
tissues,  as  in  elephantiasis.  In  slighter  degrees  of  chronic  congestion,  thicken- 
ings of  the  terminal  joints  of  the  toes  and  fingers  (clubbed  fingers)  are  seen. 

In  a  merely /'>^fj/  rcn/m.'i  hyjirrfnuia  the  above -described  symptoms  of  con- 
gestion are  usually  only  temporary,  because  in  the  venous  system  there  are 
always  numerous  anastomoses  which  permit  a  full  collateral  circulation  to  be 
developed.  Even  the  once  much-dreaded  ligature  of  the  trunk  of  the  femoral 
vein  is,  as  shown  by  H.  Braun's  statistics,  only  followed,  as  a  rule,  by  transient 
circulatory  disturbances,  provided  no  complications  exist. 

Among  these  complications  may  be  specially  mentioned  diseases  of  the 
arteries  (arteriosclerosis),  with  contraction  or  dilatation  of  the  arteries^  diseases 
of  the  veins  and  capillaries  involving  an  increase  in  the  permeability  of  the 
walls,  as  well  aA  multiple  thromboses  of  the  veins.  The  above-mentioned 
symptoms  are  then  more  prominent,  last  longer,  and  are  associated  with 
a'dfiwi  of  the  congested  area. 

The  highest  degrees  of  congestion  develop  from  the  occlusion  of  all  efierent 
veins  of  a  vascular  area,  or  by  ligatures  of  the  extremities  which,  however, 
leave  the  arteries  pervious  (Cohnheim,  Aniold). 

The  retardation  of  the  current  is  in  this  case  very  considerable,  as  is  also 
the  rise  in  pressure  in  the  capillaries  and  veins,  which  may  be  as  high  as  in  the 
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arteries.  The  slowly  flowinf^  blood,  under  these  circumstances,  gives  otf  all  its 
plasma  to  the  tissues.  The  red  corpuscles  in  tho  capillaries  press  closely  on 
each  other  and  form  a  homogeneous,  dark-red,  immobile  mass  {sta.<is). 

The  blood-stream  is  thereby  completely  interrupted.  The  nutrition  of  the 
capillary  wall  suffers.  It  becomes  highly  pei^mcable,  so  that  the  red  corpuscles 
partly  pass  through  it  into  the  tissues  {iimpcdesi.-<).  A  haemorrhagic  infai'ction 
of  the  tissues  develops,  to  which  is  finally  added  local  tissue  death  {ftecrofti:i)j 
with  subsequent  mummification  or  putrefactive  decomposition  {dri/  in-  movit 
(jantjvew).  h\  slighter  degrees  of  venous  congestion  in  the  internal  organs,  if  of 
short  duration,  no  changes  of  importance  are  left  behind.  If  the  dumtion  is 
longer,  it  is  possible  that  the  dilated  capillaries  may  injure  the  delicate 
tissues  in  the  neighbourhood  by  pressure  and  cause  thera  to  disappear.  On 
the  other  liand,  great  thickening  of  the  connective  tissue  stroma  of  the  organ 
(induruHon)  may  sometimes  be  produced  under  such  conditions.  Frequently, 
also,  red  corpuscles  pass  through  the  distended  capillary  walls,  and  are  partly 
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dissolved  in  the  tissues,  partly  converted  into  brown  granular  pigment 
{luxmuUHjniov.<  pigmentation).  The  development  of  a  roUateral  cirruhition  is  very 
often  seen  in  the  veins. 

Complete  occlusion  of  all  the  veins  of  an  organ  has  always  serious  conse* 
quences.  These  agree  in  many  respects  with  the  consequences  of  simple  emboli 
iu  arteries  ;  indeed,  these  complete  oV>structions  of  the  veins  of  cerUiin  organs  are 
occasionally  produced  by  retrofpmir  emktlism. 

Ilrlnicfr<ylt'  evthoH^m  ur  iiijature  of  the  spltnm  whis  leads  to  the  formation  of 
hi^.uwrrhujic  in/ards.  In  consequence  of  the  obstruction  to  the  venous  outflow 
from  the  spleen,  the  veins  of  the  pulp  become  over-distended  with  blood.  If 
the  spleen  of  the  dog  is  examined  microscopically  five  or  ten  minutes  after 
ligature  of  the  veins^  it  is  found,  as  Sokolofi"  and  I  have  .shown,  that  the  meshes 
of  the  spleen  pulp  are  also  dilated  and  filled  with  Huid  which  contiiins  only  a 
few  red  corpuscles.  Thus  a  congestive  a'dema  of  the  spleen  pulp  is  developed 
(Fig.  210).  This  may  also  serve  as  a  strong  argument  that  in  the  spleen  the 
blood  circulates  in  closed  channels,  although  certainly  the  wall  of  these  vessels  in 
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the  spleen  are  more  permeable  than  those  of  the  blood-vessels  of  other  organs, 
since  some  scattered  red  corpuscles  are  almost  invariably  found  in  the  spleen  imlp. 
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If  the  engorgement  in  the  splenic  veins  lasts  for  a  longer  time,  in  the  do^  for 
fifteen  minutes  or  more,  the  appearance  alters  in  so  far  that  the  meshes  of  the 
pulp  are  now  densely  packed  with  red  corpuscles,  just  as  is  found  in  the  hutDon 
spleen  after  brief  hut  severe  venous  engorgement  (Fig.  217  V  This  condition 
is,  however,  quite  abnormal,  since  the  organ  is  enlarged  fy 

to  two  or  three  times  its  original  size,  is  dark  puqde, 
and  its  capsule  is  tightly  stretched. 

If  the  ligature  is  applied  to  only  a  small  branch  of 
the  splenic  vein  in  the  dog,  similar  dark-red  infarctions 
appear  after  fifteen  to  thirty  minutes,  but  these  are 
limited  to  a  single  part  of  the  organ  (Fig.  218).  This 
is  a  condition  exactly  similar  to  the  results  produced 
by  a  retrograde  obstructive  embolism  of  a  splenic  vein. 
The  retrograde  embolism  of  a  splenic  vein  leads  also  to 
the  formation  of  hiFmorihagk  injmdion.%  and  it  is  to 
be  understood  that  these  also  decolorise  and  are  finally 
replaced  by  connective  tissue,  just  as  do  those  which 
arise  from  arterial  embolism. 

The  ligatures  of  the  renal  veins  which  Litteu  made 
were  followed  by  deep  congestion,  bloody  infiltrations, 
and  great  increase  in  the  size  of  the  kidney,  associated 
\vith  death  of  the  epithelium.  It  may  therefore  be 
presumed  that  retrograde  emboli  of  the  renal  veins  may 
produce  ha^norrhagic  infarctions.  Lastly,  J.  ^Vrnold  has 
found  hcemorrhagic  infarcts  of  the  liver  from  retrograde  embolism  of  the  hepatic 
veins. 
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OBSTRUCTION  OF  PORTAL  VEIN 


The  engorgement  of  the  portal  vein  ■yoiih  hlood  is  of  special  importance  for  the 
subject  of  venous  congestion.  It  explains  the  reaction  which  venous  congestion  in 
a  single  vascular  area  may  have  on  the  blood-stream  in  general.  Ludwig,  Thiry, 
and  Tapi)einer  liave  shown  that  the  sudden  occlusion  of  the  portal  vein  of  the 
rabbit  may  he  fatal  in  a  few  hours,  in  consequence  of  the  rapid  fall  of  the  blood- 
pressure  in  the  aortii.  A  satisfactory  explanation  of  this  fact  has  not  yet  been 
given  ;  but  this  much  is  certain,  that  the  ligature  of  the  portal  vein  may  cause 
a  high  degree  of  hypeneraia  in  the  radicles  of  the  portal  vein  and  in  the  wall 
of  the  bowel,  which  considerably  diminishes  the  return  of  blood  to  the  heart. 
(The  attempt  of  Tappeiner  to  determine  the  total  amount  of  the  blood  in 
the  body,  and  that  contained  in  the  mdicles  of  the  portal  vein,  by  estimating 
the  colour  of  the  blood  washed  out^  have  given  no  reliable  results  in  this 
connection,  since  a  part  of  the  coloured  hlood  pigment  might  have  been  con- 
verted into  colourless  combinations.)  Mall  has  recoutly  shown  that,  in  i>araly8iB 
of  the  splanchnic  nenxs,  the  portal  vein  and  its  radicles  can  easily  accommo- 
date one-fourth  of  the  total  amount  of  blood,  and  in  venous  congestion  this 
limit  may  be  considerably  exceeded.  The  fall  of  the  aortic  pressure  %vould 
then  bo  attributable,  as  Ludwig  and  Thiry  originally  supposed,  to  the  with- 
drawal by  the  portal  vein  of  blood  which  ought  to  go  to  the  heart. 

In  man,  however,  a  smhhn  octinsitni  of  the  portal  vein  by  thrombosis  or 
embolifm  does  not  seem  to  be  so  immediately  fatal,  although  it  always  produces 
very  urgent  symptoms,  and  eventually  causes  death.  The  pressure  in  the  portjil 
trunks  increases  materially,  large  quantities  of  Huid  transude  from  the  dilated 
portal  radicles  into  the  peritoneal  cavity,  so  that  within  a  few  days  the 
abdomen  is  enormously  distended,  and  the  spleen  becomes  engorged  to  throe  or 
four  times  its  normal  size.  Diarrhcea  of  a  watery,  mucous,  or  bloody  character 
may  occur  from  the  engorgement  of  the  veins  of  the  intestine.  This  is 
followed  by  a  rapid  loss  of  strength  and  a  fatal  termination  within  a  few  days. 

The  ajtpearances  which  follow  d«ncht  th^vdopivg  ohirud'um  to  the  portal 
circulation  are  somewhat  aimilar.  If  this  arises  from  disease  of  the  liver,  a 
collateral  circulation  gradually  develops,  partly  through  the  suspensory  liga- 
ments of  the  liver,  partly  through  the  connections  of  the  radicles  of  the  portal 
vein,  with  the  inferior  oesophageal  veiua  and  the  vena  azygoa  on  the  one  hand, 
and  through  the  ha^morrhoidal  and  hypogastric  veins  on  the  other.  The  signs 
of  venous  engorgement  are  not  removed  by  these  means,  but  the  fatal  termina- 
tion is  deferred  for  a  comparatively  long  period. 
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V,  Arterial  Hyperaemia 

Arterial  hypersemia  is  the  result  of  the  dilatation  of  the  afferent  arteries  of  a 
vaaciilar  area.  The  imrease  m  tiie  lumen  of  the  arteries  involves  a  diminution 
of  the  frictional  resistance  to  the  blood-stream.  An  iiureitsai  nmfmitt  of  hhunl, 
therffmty  floixs  throwjh  t/w  fiffpfKcwk  <ire<i  in  u  tjivat  iinu\  Tiw  picssiirf  in  llw 
mjnllmm  incrra&rs  1>ecaiise  the  blood-stream,  on  its  way  from  the  heart  to  the 
hyperiemic  capillary  area,  has  its  force  leas  reduced  in  consequence  of  tlie 
diminished  frictional  resistance.  This  explains  also  why  the  pulsatile  movement 
of  the  blood  is  continued  into  the  capillaries  and  even  into  the  veins,  so  that  a 
capillary  pulse,  and  sometimes  even  a  venous  pidso,  ajtpears,  which  is  com- 
paratively easily  recognised  subjectively.  Objectively,  the  capillarj^  pidse 
produces  a  periodic  change  in  the  redness  of  the  skin  ami  of  the  mucous 
membranes,  synchronous  with  the  pulse,  but  this  is  more  difficult  to  determine. 
It  is  more  easily  seen,  as  Quincke  showed,  in  the  pale,  semilunar  area  usually 
present  at  the  root  of  the  nail  It  may  be  sometimes  detected  here  even  in 
healthy  men,  when  the  arm  is  raised.  It  takes  thf  form  of  a  j>eriodic  change, 
synchronous  with  the  pulse,  of  the  limit  between  the  pale  and  the  red  pjjrts  of 
the  nail.  A  venous  pulse  from  arterial  hyperiemia  was  first  observed  by  Claude 
Bernard  in  the  veins  of  the  submaxillary  salivary  glands  after  section  of  the 
sympathetic  and  stimulation  of  tht;  lingual  branch  of  the  fifth  nerve. 

Tlie  rise  of  pressure  in  the  capillaries  leads  to  their  dilatation,  and  thus  to 
marked  reddening  of  the  hyperaemic  area.  Tin-  hUkttK4mfm  in  the  mpiHan'r.H  ami 
vrins  if  nixderaied  at  tjie  muw  time.  The  acceleration  may  be  so  considerable 
that  the  blood-stream  in  the  veins  preserves  the  bright  red  colour  of  arterial 
blood.  It  is  generally  statetl  that  the  blood -stream  in  the  arteries  is  also 
accelerated.  As  a  rule,  this  does  not  occur  according  to  ray  experience,  and  it 
is,  a  priori^  improbable.  The  main  resbtance  to  the  blood -stream  is  in  the 
capillaries.  If  the  arteries  dilate,  the  amount  of  Idood  flowing  through  them 
increases,  but  hardly  in  a  more  rapid  ratio  than  the  transverse  section  of  the 
affei'ent  arteries,  m  would  have  to  be  the  case  if  the  rapidity  of  the  current  in 
the  arteries  were  to  be  increased.  Observation  rather  shows  that  the  simple 
dilatation  of  the  arteries  is  followed  by  a  slight  retai'dation  of  the  stream, 
which  by  no  means  negatives  an  increase  of  the  amount  that  flows  through. 

The  process  of  transudation  is  not  demonstrably  modified  by  the  in- 
crease of  pressure  produced  by  arterial  hypertemia  (Paschutin,  Emminghaus). 
Emminghaus  was  only  occasionally  able  to  demonstrate  an  increase  in  tlie 
lymph  in  the  paw  of  the  dog  in  arterial  hypernimia  produced  by  section  of  the 
sciatic  nerve. 

Arterial  hyperaemia  arises  from  i — 

(1)  Loctil  pressure  iiwl  injury.  In  considering  local  anaemia,  it  was  stated  that 
a  light  strolong  of  the  akin  with  a  hard  substance  was  followed,  after  about 
thirty  seconds,  by  an  anaemic  streak,  a  pale  line  on  the  skin.  If  firmer  pressure 
is  made  with  this  instrument,  a  red,  hypera-mic  streak,  bordered  by  two  pale 
anremic  lines,  appears  on  the  skin  after  the  same  time,  If  the  firm  strokes  are 
more  frequently  repeated,  or  if  the  skin  be  scratched  for  a  time  with  the  finger- 
nails, red  specks  appear.  In  many  diseases  of  the  central  nervous  system 
(tabes,  myelitis,  meningitis)  the  results  are  somewhat  different.  In  such  cases, 
light  touch  or  gentle  stroking  of  the  skin  may  sometimes  produce  red  flecks 
and  streaks  {t4Uh£s  c^r^l/mks.  Trousseau).  In  all  these  cases  the  vaso-motor 
innervation  is  manifestly  affected  by  irritation  of  the  skin,  but  it  is  difficult  to 
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atfcer  tfce  JMJni-TP  k  CMrtad  <—  tii«  lanl  if  ■!<»  ^yualm  in 
tiie  y»lli  of  the  vettto,  or  rdJeady,  tkroo^  ti>e  uertilrs  ipiml  ^11  aciror  ceotpeg. 
II,  >>  atotod,  tJM?  cgperi— t  hum  «a  rfanfd  cwbbw  «■  ^w—t  rf  tiie  cwitiml 
■enroQc  sfilaai.  tliu  wlj  depend  iqteo  Ae  €m(  tliat  t^  Wial  initafbaB  of  the 
ikiB  aett  tcAeiijr  tlnwigli  li»  Iksu  and  ipiml  eord.  Bat  it  ii 
tikit  in  diieaeei  «f  tlie  bnin  and  eptBel  eotd  the  fiiiiyiinil  \  _ 
m.  tbe  vaDe  of  tke  Tniwria  aaj  act  almaniiall j,  becanae  Ife  artwnti  tkat  reacb 
tlwaa  froa  tke  eentns  are  fkmgh\  The  invedig^itiaiK  liy  Gelta  ia  dogi  hare 
dwiaai  thai  after  aectkaB  of  the  vaao-notfor  nenres  of  a,  Hash  tlie  veaaeb  gradiull j 
n^nn  their  tone^  eten  ahhoogh  the  iBcituua  eoBnactMoa  are  not  rc^gnented. 
U  k  doobcfai,  htfwcf ei^  if  thqr  can  again  react  as  tuoaedyipqaeoMJ  inftnfnoeg. 
Tint  does  not  appear  to  be  the  caae,  aiaee  etJBHriatnm  of  the  pwi|Jifii1  end  of 
the  eeiatie  nerre  inmediatdj  after  its  aection  prodoees  winnrlMtt  of  the 
reaacli ;  but  in  a  lev  d&fi  simifau'  itfimnlaiinn  caoaes  theoft  to  <fi]ate.  In 
dkeaiea  of  the  oeotral  nerroos  ajnetem,  the  oonditaon  of  the  irafl  of  the  reasGl 
naijr  thna  be  differetity  becanae  ita  periphoal  nerrona  apparatat  has  aasnmed 
inoirhf  charartec  If  this  hypothesis  be  tziic»  we  have  thenlore  no  grovnd 
to  nitilbole  the  resnh  of  a  firm  or  gentJe  6t2t>king  of  the  akin  to  reflex 
aetaOB.     It  ma j  depend  on  pvrdjr  local  eflbcta  on  the  Tmso-nwtor  nenrea. 

Mmt  Metere  imjwits  may  eanae  local  arterial  bypenemia,  feoeraDy  Msoriated 
with  other  changes,  which  have  been  already  more  folly  oo&sidei^  In  the 
aaine  manner,  moderate  warmii^  of  the  skin  leads  to  dilatation  of  the  reaMla 
■ad  nddenini^  even  after  the  nervea  which  form  the  coniiection  between  the 
ceiBfar»«pina]  Taao-motor  centres  and  thoae  in  the  veaael  wall  have  been  com- 
pletdy  cat  acroet. 

(S)  Many  dumiad  mb4a$uxg  prodooe  local  arterial  hypcnemia  at  the  aeat  of 
their  aetioo.  This  can  be  rery  clearly  shown  when  paits  of  the  body,  each  as 
the  ton^ne  of  the  frog,  or  the  mesentery  of  warm-bkioded  snimaK  are  irr^atod 
aliemateiy  with  0*75  per  cent  and  1*5  per  eent  salt  solation  (Thoma).  The 
'  nit  solution  then  inrariably  canses  arterial  dilatation  and  all  the  other 
i  of  arterial  hyperssmia.  Since  ancient  times,  a  number  of  substances 
— ^Ihe  mbefarianli — soch  as  oil  of  mnstard,  canthandin,  etc,  have  been  known, 
which  are  diatingaisfaed  by  prodacing  redness  aod  even  vesides  when  applied 
to  prwioasly  amnjured  skin.  The  production  of  resides,  which  depends  on  an 
of  fluid,  dear  At  first,  between  the  cells  of  the  rete  Mmlpighi,  sliows, 
that  the  process  is  not  one  of  mere  arterial  hyiterai-mia,  but  is 
with  exudation  processes.  Mucous  membranes  and  excoriated  6Qr> 
laom  are  affected  similarly  by  many  other  substances^  such  as  spirit,  ether« 
resana,  acidi,  or  ammonia. 

<3)  FtraUfsis  cf  the  vaschmoior  (or  more  accurately,  the  vaahoonakidor)  ngrves 
maf  prodace  high  degrees  of  pure  arterial  hypenpmia  The  most  important  of 
thorn  Bcrves  is  the  cerviaAl  gj/mpaihdu.  If  the  sympathetic  of  animals  be 
dtvided  hi|^  in  the  neck,  groat  dilatation  of  the  arteries  on  the  same  side  of  the 
head  maj  be  observed  (Claude  Bt^rnard),  as  well  as  contraction  of  the  pupil 
(■ynmsX  and,  aa  already  mentioned  under  local  anaemia,  contraction  of  the 
aftefies  of  the  opposite  side  of  the  head.  Stimulation  of  the  end  of  the  upper 
part  of  the  divided  nerve,  on  the  other  hand,  causes  contraction  of  the  vessels 
cf  the  saae  side  of  the  head.  After  section  of  tJk^  tritjemiruii  nervr^  the  blood- 
vvaaab  of  the  iris,  eoojunctiva,  and  sclerotic  become  dilated,  as  well  as  those  of 
the  naaal  mitooiis  membnne  and  the  gums.  In  the  i^me  way,  the  arteries  of 
IIm  meaentety  aod  the  kidneys,  and  also  the  porul  veins,  dilate  after  section  of 
oae  or  both  qiamthnitiy  and,  at  the  same  time,  the  pressure  in  the  aortic  syatom 
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13  greatly  lowered.  The  opiiosite  result  follows  stimulation  of  the  cut  end  of  the 
peripheral  part  of  tlie  divided  splanchnic  nerve.  The  nerves  of  the  extremities 
also  contain  vaao-con stricter  fibres.  Section  of  the  hrtiehinl  plejrn.%  mcral  plexus, 
or  sciatic  nerve  causes  arterial  hypenemia  of  the  corresponding  limb. 

The  result  of  section  of  the  cervical  sympathetic  is  specially  interesting  for 
human  pathology,  not  only  because  the  same  result  is  observed  in  animals  as  in 
injuries  to  the  cervical  sympathetic  in  man,  but  because  the  typical  symptoms 
of  hemicrania  (the  paralytic  form)  correspond  to  a  periodically  recurring  uni- 
lateral paralysis  of  this  nerve.  Still,  in  many  cases,  the  paralysis  of  the  cervical 
sympathetic  is  preceded  by  the  irritation  of  this  nerve,  as  is  shown  by 
contraction  of  the  arteries  of  one  side  (hemicrania  sympaihdka  tmika).  The 
unilateral  headache  accompanying  the  disease  has  derived  its  name  from  it. 

(4)  Irritation  of  vaso-dUator  nerve.^  seems  to  cause  arterial  hypera^mia  (termed 
neurotonic  congestion).  Under  this  class  comes  herpnti  soder^  or  shingles,  a 
reddening  of  the  skin  which  goes  on  to  the  formation  of  vesicles,  and  which  is 
strictly  limited  to  the  distribution  of  a  cutaneous  nerve.  Danielsaen,  Esmarch, 
and  Recklinghausen  have  shown  that  herpes  boater  is  a  disease  of  the  corre- 
sponding nerves  (neiiritia  intercostalis).  This  di^ase  in  supposed  to  cause  an 
irritable  condition  of  the  nerves  which  produces  the  above  changes  in  the  skin. 

Similarly,  erj-themas,  associated  with  painful  sensations  (burning,  caua- 
algia),  are  observed  some  time  after  injuries  to  the  nerves  of  the  limbs.  If 
these  painful  sensations  are  attributed  to  nerve  irritation,  it  seems  fair  to  ascribe 
the  simultaneous  reddening  of  the  skin  to  the  irritation  of  vaso-dilator  fibres. 
This  explanation  is  supported  by  the  investigations  of  SchifT  and  Goltz,  from 
which  the  existence  of  vaso-dihitor  fibres  may  be  inferred.  GoIU  has  been  able 
to  show  that,  some  days  after  section  of  the  sciatic  nerve  in  the  dog,  stimulation 
of  the  peripheral  part  of  the  nerv^e  no  longer  produces  contraction  of  the 
arteries,  but  causes  dilatation  of  the  arteries  and  rise  of  temperature  in  the 
limbs.  It  is  doubtful  how  far  this  result  may  be  explained  by  the  condition  of 
the  nervous  mechanism  in  the  walls  of  the  vessels  having  assumed  a  new 
character.  The  fact,  shown  by  Goltz,  that  in  the  paralysed  limb  the  arterial 
hypenemia  which  appears  at  first,  subsequently  disappears,  shows  that  these 
nerves  do  not  act  as  in  normal  animals.  The  difficulty  of  the  question  and 
the  very  copious  literature  on  the  subject  do  not  permit  me  to  do  more  than 
draw  attention  to  it.  In  the  consideration  of  the  disturbances  of  trophic  inner- 
vation it  will  be  referred  to  again. 

(5)  A  previous  lociU  atuemi(f  must  also  be  mentioned  as  a  very  important  factor 
in  producing  arterial  bypera3raia.  It  is  practically  always  the  case  that  every 
local  anaemia,  provided  it  does  not  last  too  short  a  time,  is  followed  by  an  arterial 
hypersemia,  if  the  causes  of  the  anaemia  disappear  before  serious  changes  occur 
in  the  nutrition  of  the  vessel  wall  and  of  the  tissue.  If  cold,  acting  locally, 
produces  local  anaemia,  local  hyperaamia,  although  only  of  short  duration, 
regularly  follows  the  warming  of  the  affected  part  of  the  body.  This  fact  is 
of  practical  importance,  t^jj.  during  operations  in  tissues  that  have  been  rendered 
anaemic  by  Esmarch's  method.  If  one  lower  limb  is  firmly  bandaged  from  the 
toes  upward  and  a  strong  rubber  tube  then  bound  firmly  round  the  thigh,  the 
limb  may  be  amputated  below  the  ligature  with  scarcely  any  loss  of  blood 
worth  mentioning.  But  the  smallest  arteries  must  be  subsequently  tied  with 
great  care,  because,  after  the  tul>e  is  loosened,  all  the  large  and  small  arteries 
which  were  emptied  of  blood  during  operation  dilate  greatly  and  may  bleed 
profusely. 

(6)  Finally,  reflex  hypercemia  must  be  mentioned.     In  children,  during  their 
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first  dentition^  red  spots  may  often  be  found  on  one  side  of  the  face  which  can 
hardly  be  produced  otherwise  than  retiexly.  The  question,  how  far  diseases  of 
the  internal  organs  produce  reflex  hypersemias  of  the  skin  generally,  is  not  so 
easy  to  answer.  Griitzner  and  Heidenhain  have  shown  that  there  are  certain 
interactions  between  the  blood-stream  in  the  arteries  of  the  skin  and  muscles 
on  the  one  hand,  and  of  the  vessels  supplied  by  the  splanchnics  on  the  other. 
Human  pathology  occupied  itself  at  one  time  very  greatly  with  the  consideration 
of  such  vaso-motor  disturbances.  Very  few  reliable  facts,  however,  have  been 
obtained.  In  chronic  diseases  of  the  apices  of  the  lungs,  in  vahmlar  diseases 
of  the  heart,  and  in  abortion,  there  may  occur  uni-  and  bi-lateral  specks  on  the 
skin  of  the  face  and  neck,  with  great  secretion  of  sweat  and  contraction  of  the 
pupil  (paralysis  of  the  sympathetic). 
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VL  Stasis  (Stagnation  of  Blood) 

Stasis  is  that  form  of  stagnation  of  the  blood  which  arises  when  the  blood 
circulating  in  the  capillaries  is  completely  deprived  of  its  plasma.    The  corpuscles 

within  the  vessel  form,  in  this  case, 
a  more  or  less  completely  homo- 
geneous, dark -red,  immobile  mass 
(Fig.  219).  The  limits  between  the 
individual  red  coq>usclea  have  dis- 
appeared. Only  a  single  leucocyte 
may  be  distinguished  here  and  there 
in  the  uniform  red  cylinders  which 
fill  the  capillaries. 

The  disappearance  of  the  out- 
lines of  the  cells  is  easily  explained 
by  the  fact  that  structures  and  out- 
lines which  are  composed  of  objects 
that  are  finer  than  O'O0O2  milli- 
metres ( =  half  the  length  of  a  \'ioIet 
light  wave)  can  no  longer  be  seen  by 
oiu-  optical  instruments,  however 
much  the  magnifying  power  of  the  microscope  be  increased.  If,  then,  the 
amount  of  blood  plasma  diminishes  to  such  an  extent  that  the  thickness  of  the 
layers  of  fluid  betAveen  individual  corpuscles  is  less  than  0  0002  millimetres, 
these  layers  of  fluid  can  no  longer  be  recognised.  If  it  be  further  remembered 
that  the  body  of  the  red  corpuscle  is  homogeneous,  it  necessarily  follows  that^ 
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in  stasis,  the  blood  contained  in  the  capillaries  has  this  peculiar,  homogeneous, 
red  character. 

There  is  no  coagulation,  however.  Apart  from  the  fact  that,  as  already 
mentioned,  the  individual  cells  can  be  seen  under  the  microscope  without 
difficulty  in  coagulated  blood,  it  can  he  directly  demonstrated  that  there  is  no 
coagulation  in  stasis.  It  is  suthcient  to  remove  the  cause  of  the  stasis,  and  the 
plasma  will  penetrate  again  from  neighbouring  capillaries  between  the  red 
cells  of  the  capillaries  in  which  stasis  is  present.  One  by  one  the  unaltered 
cells  are  loosened  from  the  red  cylinders  which  filled  the  capillaries  (Fig.  220). 
Eventually,    the    capillary    area,  . 

previously  in  stasis,  again  becomes  " 

pervious  and  the  normal  blood- 
stream is  completely  re-estab- 
Vished. 

This,  of  course,  occui«  only  if 
the  stasis  has  not  lasted  too  long, 
and  if  no  further  changes  have 
taken  place.  If  the  stasis  has 
lasted  long,  the  nutrition  of  the 
vessel  wall  and  of  the  tissues 
suffers,  diapedeais  of  the  red  cor- 
puscles and  necrosis  of  the  tissues 
occur. 

Stasis  can  be  easily  induced 
experimentally  by  any  of  the 
means  which  remove  plasma  from 
the  lumen  of  the  capillaries. 
Evaporation  and  drying  may  he 
included  among  these,  when  liv- 
ing tissue,  uncovered  or  covered 
with  only  slightly  resisting 
mucous  membranes,  is  exposed 
to  dry  air.  The  researches 
of  Wharton  Jones,  H.  Weber, 
Schuler,  Buchheimj  Vierordt, 
Gunning  and  others  have  shown 
that  strong  saline  solutions  of 
various  kinds  can  withdraw 
water  from  the  circulating  blood 
through  the  capillaries,  by  diffu- 
sion, 50  completely  that  stasis  occui*s.  It  is  sufficient  to  irrigate  the  tissues 
of  A  living  cold-  or  warm-blooded  animal  with  a  3  or  5  per  cent  solution  of 
common  salt  (Tlioma)  to  see  stasis  occur.  A  crystal  of  common  salt  or  sugar 
on  the  web  or  tongue  of  the  frog  or  on  the  mesentery  of  warm-blooded  animals 
acts  similarly.  The  red  corpuscles  in  these  experiments,  also,  undoubtedly 
lose  some  of  their  water.  Botkin  and  Aronheim  have  therefore  assumed  that 
the  elasticity  of  the  red  cells  alters.  The  change  in  the  elasticity  of  the  red 
cells  renders  them  stiffer  and  less  easily  bent,  so  that,  even  at  the  beginning  of 
the  stasis,  the  blood  moves  less  easily.  The  important  factor  in  stasis  is, 
however,  the  abstraction  of  the  plasma,  since  stasis  develops  in  correspondence 
with  this  and  disappears  with  renewed  accoss  of  plasma. 

Croton  oil  also  induces  the  phenomena  of  stasis  in  the  web  and  the  tongue 
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tneseiiteTy  of  the  dog,  x760. 
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of  the  frog.  Since  there  is  no  reason  to  attribute  to  croton  oil  any  considerable 
power  of  abstracting  water,  one  is  compelled  to  assume  that  in  this  experiment 
the  croton  oil  increases  the  permeability  of  the  capillary  wall,  and  that  this 
is  followed  by  the  abstraction  of  plasma  from  the  blood  and  by  stasis.  Theae 
views  are  supported  by  experiments  which  will  be  mentioned  under  consideration 
of  the  eraigi-atioe  of  leucocytes,  as  well  as  by  the  fact  that  other  substances, 
also,  which  increase  the  permeability  of  the  vessel  wall,  such  as  mustard  oil 
or  cantharides,  induce  stasis. 

Stasis  was  for  a  long  time  regarded  as  the  essential  feature  of  inflammation, 
but  nowadays  the  tendency  is  rather  to  ascribe  this  position  to  the  phenomenon 
of  the  emigration  of  the  leucocytes.  In  any  case,  stasis  is  a  very  frequent 
occurrence  in  patholof^ical  processes  in  the  human  body. 

We  are  justified  in  stating  that  the  majority  of  local  circulatory  disturbancea, 
with  the  exception  of  arterial  hypememia  and  hiemorrhage,  may,  under  certain 
circumstances,  give  rise  to  stasis.  Every  circulatory  disturbance^  which  is 
followed  by  a  reduction  in  the  amount  of  blood  which  flows  through  a  vascular 
area  in  a  given  time,  lowers  the  nutrition  of  the  vessel  wall  and  of  the  tissue. 
If  this  action  exceeds  definite  limits,  a  great  increase  in  the  permeability  of  the 
vessel  wall  follows,  and  this  leads  to  escape  of  plasma  from  the  blood  of  the 
capillaries,  and  thus  to  stasis. 

The  preceding  chapters  have  therefore  shown  stasis  to  be  a  consequence  of 
ischemia,  of  embolism,  and  of  venous  congestion.  The  chapters  which  follow 
will  show  that  it  is  also  a  consequence  of  high  degrees  of  those  circulatory 
disturbances  which  are  recognised  by  the  emigration  of  leucocytes  from  the 
blood,  and  by  the  phenomena  of  exudation.  Dkipedesis  occupies  a  similar 
jK)sition;  it  is  associated  regularly  with  severe  forms  of  the  most  varying 
circulatory  disturbances,  and  therefore  with  stasis  among  others.  It  often 
accompanies  other  kinds  of  disturbances,  however,  and  therefore  demands 
separate  consideration. 
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Vn.  Diapedesis 

If  the  condition  of  a  vascular  area  in  which  stasis  has  been  induced,  say  by 
ligature  of  the  vein,  be  kept  under  observation  for  some  time,  small  punctiform 
hajmorrhages,  errhtpm/ses,  or  ^jf/trAiVr,,  may  be  seen  even  by  the  naked  eye. 
Microscopic  examination,  then,  shows  that  in  stasis  the  red  corpuscles  pass  out 
of  the  capillaries  into  the  tissue  (Fig.  221),  although  there  is  no  change  in 
the  condition  of  the  vessel  wall  that  can  be  recognised  by  microscopic  examina- 
tion of  the  living  animal.  The  capillary  still  appears  as  translucent  as  usuaL 
This  passage  of  the  red  corpuscles  through  the  capillary  wall  ia  termed  diapedcsU. 
It  was  observed  firet  by  Strieker  and  Cohnheim. 


DIAPEDES/S 


325 


The  process  of  passage  of  the  red  corpuscles  through  the  walla  of  the  vessels 
ia  very  much  more  distinctly  seen  if  the  cause  of  the  stasis,  Lc.  the  ligature  in 
the  veins,  is  removed.  After  the  circulation  is  re-established,  the  red  cells 
may  be  recognised  distinctly  not  only  in  the  tissue,  but  also  in  the  vessel 
wall.  The  red  blood  corpuscles  are  always  seen  to  lie  at  certain  points  either 
singly  or  in  groups,  caught  in  very  narrow  apertures  in  the  vessel  wall  By 
continuous  observation  the  passage  of  the  red  cells  through  the  vessel  wall 
can  be  made  out  in  all  its  stages,  since  tho  process  of  diapedesis  lasts  for  some 
time.  A  red  cell  flowing  with  the  blood -stream  becomes  applied  to  the 
wall  of  the  vessel  and  pushes  a  fine  process  outwards.  This  forms  a  knol)-like 
projection  on  the  outer  side  of  the  vessel.  The  red  cell  now  assumes  the  form 
of  a  sac  constricted  in  the  middle.  The  knob-liko  projection  outside  the  vessel 
becomes  larger  because  the  cell  advances,  while  the  part  within  the  capillary, 
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Fio.  251.— StaaU  &nil  diAp«»l«?fii!i  fn  ft 
capillary  of  the  l'roy;'«  tornjiie  after  Ug»- 
turt!  of  the  vciliii,  X  lt15. 


Fro.  222.— DiajjwIefilH  ol"  n^d  corpuscles 
In  %  capillary  of  tUn  frog's  tonyiie 
Rfter  molution  of  tUe  hIahiji,  x  3(i0. 


which  ffways  about  in  the  blood-streftm^  diminishes  in  size.  Finally,  the  cell, 
which  has  almost  completely  passed  through,  adheres  only  by  a  fine  thread  to 
the  vessel  wall,  until  the  last  portion  has  pa.ssed  through. 

Within  the  tissue  the  corpuscle  immediately  resumes  its  normal  disc  shape, 
while  a  new  cell  becomes  applied  to  the  spot  in  the  vessel  wall  through  which 
the  first  cell  has  just  passed.  Some  few  cells  are  mutilated  by  this  process,  the 
part  of  the  cell  hanging  free  in  the  blood-stream  being  torn  off.  A  few  frag- 
ments of  red  cells  will  thus  be  always  found  in  the  tissues.  In  addition  to  the 
red  some  white  cells  also  {vass  into  the  tissues. 

The  re-establishment  of  the  circulation  sooner  or  later  restores  the  noi-mal 
condition  of  the  vessel  wall,  the  diapedesis  ceases,  and  the  cells  in  the  tissue 
are  partly  washed  away  by  the  lymph-stream,  and  partly  dissolved  in  situ 
(Arnold).  A  brown  granular  pigment  is  sometimes  formed  from  the  dis- 
solved hcemoglobin  under  such  circumstances. 
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In  mammals  the  processes  follow  a  similar  course.  Still,  it  sometimes 
happens,  as  I  have  long  ago  described,  that  small  streams  of  blood  break 
through  the  vessel  wall,  and  that  the  small  opening  immediately  closes  behind 
them.  This  occurrence  is  limited  to  those  parts  of  the  vessel  wall  through 
which  a  number  of  leucocytes  have  passed,  some  of  them  slowly.  I  have 
observed  this  mainly  iu  the  mesentery  of  dogs  in  diapedesig  associated  with 
the  emigration  of  leucocytes  (Fig.  223). 

Very  considerable  ecchymoscs  arise  in  this  manner  and  appear  in  great 
number  in  the  mesentery.  So  far  as  naked -eye  examination  can  prove, 
considerable  haemorrhage  by  diapedesis  also  occurs  in  man,  not  only  in  the 
serous  coat  of  the  intestines  which  are  exposed  in  laparotomies,  but  also  in 
the  conjunctiva.  In  both  situations  the  sudden  occurrence  of  ecchymosea  may 
sometimes  be  obsei-vcd.  The  ecchymoses,  which  often  occur  in  great  numbers, 
may  possibly  be  due  to  infections  and  intoxications. 
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Fio.  82S.— Mcwiitarjr  of  thu  dog.  At  a  hRmon-bAgo  by  diapodeilm  going  on  ;  b,  ccchymoiiiN  which  bu  occvatvd 
in  ft  tlmtkr  way.  but  tho  opening  of  tb«  c»piUary  Mnll  is  agkln  eloaed.  Simaltaneoas  eotigntlon  of  loooo- 
cyUm.     xSSO. 


The  question  how  it  happens  that  the  red  cells  always  pass  through  certain 
points  only  in  the  vessel  wall  is  one  of  great  interest,  Ai-nokl  has  explained 
it  very  simply  by  injecting  the  vessels  with  silver  solution.  In  the  areas  in 
which  diapedesis  occurred  it  was  then  found  that  the  silvered  outlines  of  the 
endothelial  cells  showed  numerous  punctiform  thickenings  (Fig.  224).  In  these 
the  imprisoned  red  blood  corpuscles  could  bo  sometimes  recognised.  Arnold 
also  showed  that,  when  injected  into  these  widened  spaces  of  the  so-called 
cement  substance,  gelatine  and  even  cinnabar  granules  may  pass  from  the 
vessels  into  the  tissue. 

There  can  thus  be  no  doubt  that  the  process  of  diapedesis  is  the  conse- 
quence of  an  increase  of  the  permeability  of  the  capillary  wall,  and  that  this 
is  specially  manifested  by  a  loosening  of  the  cement  substance  between  the 
endothelial  cells. 
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The  force  which  drives  the  cells  from  the  vessels  into  the  tissue  is  derived 
from  the  blood-pressure.  Independent  amaboid  movement  is  not  observed  in 
red  blood  coq>uscles.  On  the  other  hand,  Arnold  showed  that  when  the  red 
cells  escape  from  the  vessel  wall  a  stream  of  fluid  follows  them,  which  disturbs 
the  cells  already  in  t^he  tissue,  and  sometimes  drives  them  farther  away  from 
the  vessels, 

Diapedesia  is  seen  in  the  following  conditions:— 

(1)  In  amse^ptatw  of  hical  nrrula/orr/  disturbatice^i  which  cause  alterations  in 
the  vessel  walls,  such  as  ischtvmin  with  subsequent  formation  of  hsemorrhagic 
infarction,  ivnoii^  emmgrment^  stasis,  and,  as  will  be  touched  on  later,  emi^grntum  of 
lem'oajie.%  and  exudation. 

(2)  III  consequence  of  disturbances  of  Tneiabolv^m  which,  to  a  greater  or  less 
extent,  cause  an  increase  in  the  permeability  of  the 
capillary  walls.     Among  these  may  be  reckoned — 

('f)  Intoxicatums.  Ecchymoses  and  even  larger 
haemorrhages  are  to  be  found  in  most  organs  in 
phosphorus  poisoning.  Htcmorrhagea  from  the 
medicinal  use  of  iodide  of  potassium  are  rarer. 
In  the  same  way,  mair  pabion  causes  numerous  capil- 
lary hapmorrhages,  which  are  undoubtedly  to  be 
attributed  to  diapedesis,  in  a  wide  area  round  the 
bite  and  less  frequently  in  other  organa 

(h)  Infcdivm  cause  multiple  ecchymoses,  e.t/. 
aepticiemia,  yeUow  fever,  anthrax,  t}q>hiia,  plague, 
etc. 

{e)  Chronir  fUsturbanres  of  nnlrition^  ano?mia, 
chlorosis^  lenktemia,  are  sometimes  complicated  by 
haemorrhages,  presumably  in  consequence  of  a  dis- 
turbance of  nutrition  in  the  capillary  wall. 

(3)  Finally,  diapedesis  arises  from  disordns  of 
kmervaiian. 

Brown-S^quard,  Vulpian,  SchifT,  and  many  other 
physiologists  and  [ihysicians  have  seen  htemorrhagos 
occur  in  the  organs  of  the  abdomen,  thorax,  supra- 
renals,  mucous  membrane  of  the  intestine,  and  in 
the  lungs,  in  consequence  of  operations  on  the  brain 
and  spinal  cord.  Although  no  definite  opinion  can 
be  expressed  as  to  the  mode  and  manner  of  occur- 
rence of  this  phenomenon,  yet  it  deserves  some 
consideration.  As  a  matter  of  fact,  we  find  comparatively  often  in  severe 
affections  of  the  brain  arid  medulla  oblongata,  that  there  are  numerous 
hsemorrhages  in  the  mucous  membmoe  of  the  stomach  and  in  the  lungs. 
This  is  not  very  convincing  proof,  however,  since  a  similar  result  is  often 
seen  in  other  diseases.  All  we  can  do,  in  the  meantime,  is  to  accept  the 
facts,  and  ask  further,  whether  the  nerves  arc  able  to  influence  the  permeability 
of  the  capillary  wall.  The  presence  of  ner^'cs  in  the  capillary  walls  has  been 
shown  by  Lipmann,  Tomsa,  Tolotschinotf,  and  Kessel ;  while  Strieker,  Golubew, 
and  Tarchanoff  have  observed  contraction  in  the  walls  of  the  capillaries,  pro- 
duced by  electrical,  chemical,  and  mechanical  irritation. 


Fio.  2S4,— Sllyeiwl  outlines  of  lb(» 
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VIII.  Emigration  of  the  White  CkirpuBcles  of  the  Bloody  Suppuration 

The  older  authors  have  long  suspected  that  pus  cells  are  extravasated 
M'hite  blood  coipuscles,  because  })Oth  forms  of  cells  show  many  points  of 
agreement  in  their  external  appearances.  Waller,  however,  was  the  first  to 
observe  directly  in  the  liWng  frog  witb  the  microscope  the  passage  of  the  white 
cells  through  the  uninjured  vessel  wall,  and  to  show  the  importance  of  the 
process  for  the  doctrine  of  suppuration.  His  observation,  however,  was  for- 
gotten till  Recklinghausen  discovered  the  wandering  cells  in  connective  tissue, 
and  Cohuheim  observed  anew  their  emigration  from  the  vessels. 

Numerous  observations,  partly  i>receding,  partly  fallowing  those,  have  been 
made  by  Recklinghausen,  Stricker,  J.  Arnold,  Bottcher^  Axel  Key,  and  Wallis, 
by  myself,  and  many  others,  and  have  bo  greatly  extended  our  knowledge  and 
experience  in  many  directions  that  only  a  short  sketch  of  them  can  be  given 
here,  while  a  large  part  of  the  remainder  will  be  referred  to  briefly  in  other 
parts  of  this  work. 

In  the  normal  blood-stream  there  is  universally  a  marginal  zone,  free  from 
corpuscles.  Poiseuille,  who  has  made  most  valuable  researches  on  the  circula- 
tion of  the  blood,  explained  this  phenomenon  as  a  consequence  of  the  adhesion 
of  the  blood  plasma  to  the  vessel  wall.  It  is  quite  certain  that  the  blood 
plasma  bathes  the  vessel  wall,  and  that  the  layers  of  fluid  which  lie  immediately 
upon  the  vessel  wall  do  not  take  part  in  the  motion  of  the  blood-stream,  but 
are  quite  still.  It  is  a  mistake,  however,  to  suppose  that  the  whole  marginal 
zone  of  the  blood-stream  which  is  free  from  corpuscles  stands  still,  since,  from 
time  to  time,  a  white  blood  corpuscle  passes  into  this  marginal  zone  and  moves 
along  within  it. 

The  main  mass  of  the  cells  of  the  blood  circulates  in  the  axial  part  of  the 
blood-stream,  which,  accordingly,  is  of  a  reddish  colour.  In  the  capillaries  of 
many  animals,  however,  the  frog,  for  example,  this  airangement  of  the  stream 
is  leas  distinct,  but  even  in  these  animals  it  is  well  marked  in  the  arteries  and 
veins.  This  depends,  undoubtedly,  upon  the  relatively  large  sire  of  the  red 
coqjuscles  of  the  frog,  which  are  sometimes  equal  in  diameter  to  the  capillaries. 
In  warm-blooded  animals,  and  presumably  in  man,  on  the  other  hand,  a  well- 
marked  marginal  zone,  free  from  corpuscles,  is  present  under  normal  conditions, 
not  only  in  the  arteries  and  veins,  but  also  in  the  capillaries  (Plate  L,  Fig,  «). 


EMIGRATION 


329 


This  condition^  however,  "becomes  altered  when  an  extensive  emigration  of 
leucocytes  is  about  to  take  place.  The  latter  then  appear  in  great  numbers 
in  the  marginal  zone  of  the  capillaries  and  veins  {rmnjintU  posUum  0/  the  white 
carpusdeSf  Cohnheim),  and  at  the  same  time  the  blood-currenfc  appears  to  be 
somewhat  slowed  (Plat^  L,  Figs,  h  and  c). 

The  question  arises,  How  is  the  marginal  position  of  the  white  corpuscles 
to  be  explained  ?  Bonders  and  (Junning  have,  by  way  of  explanation  of  the 
occasional  appearance  of  leucocytes  in  the  marginal  zone,  drawn  attention  to 
the  difl'ercnce  in  form  and  of  specific  gravity  of  the  two  kinds  of  cells  present 
in  the  blood.  But  Schklarewaky,  under  the  direction  of  Recklinghausen  and 
Helmholtz,  has  shown  by  experiment  with  glass  tubes,  that  in  all  fluids  which 
hold  in  suspension  small  particles  of  unequal  speciiic  gravity,  the  heavier 
particles  are  collected  near  the  axis  of  the  stream,  while  the  lighter  particles 
circulate  nearer  the  wall  of  the  vessel. 

These  experiments  show  why  the  specificallj''  lighter  leucocytes  prefer  the 
peripheral  part  of  the  blood-stream,  and  occasionally  reach  its  marginal  zone, 
while  the  specifically  heavier  red  corpuscles  choose  the  axia]  part  of  the  stream. 
They  do  not,  however,  exjtlain  why  a  very  large  number  of  white  corpuscles 
choose  the  marginal  zone  and  produce  the  typical  marginal  arrangement. 
Some  indications  are  obtained  from  other  experiments  of  the  same  author, 
however.  When  Schklarewsky  allowed  the  blood  to  flow  in  glass  tubes  which 
had  contractions  and  dilatations  in  the  course  of  their  lumen,  numerous  white 
corpuscles  accumulated  in  the  dilated  parts  of  the  tube,  in  which  the  current 
flowed  more  slowly.  From  these  experiments  the  conclusion  may  be  drawn, 
though  it  is  Tiot  definitely  8ta,ted  by  Schklarewsky,  that  the  slowing  of  the 
current  is  probably  the  cause  of  the  marginal  position  of  the  leucocytes. 

The  opportunity  afforded  me  in  Helmholtz's  laboratory  of  following 
the  exiieriments  of  Sehklarewsky»  stimuJated  me  to  work  up  this  question. 
I  convinced  myself,  as  well  as  Schklarewsky,  that  in  fluids  in  motion  within 
glass  tubes  the  axial  stream  containing  the  solid  particles  was  not  so  completely 
formed  as  in  the  blood-vessels.  I  therefore  experimented  on  living  animals. 
If  a  layer  of  tissue  from  a  living  cold-  or  warm-blooded  animal,  through  which 
the  blood  is  still  flowing,  Imj  stretched  out  under  the  microscope^  after  a  short 
time  slowing  of  the  current  and  marginal  position  of  the  leucocytes  develop 
in  consequence  of  external  injuries  which  have  been  produced  either  intention- 
ally or  unavoidably.  If  the  arteries  are  then  dilated  by  in'igation  of  the 
tissue  with  H  per  cent  common  salt  solution,  the  stream  is  immediately 
accelerated  and  the  marginal  arrangement  disappears.  In  this  maimer  the 
marginal  arrangement  of  leucocytes  in  capillaries  and  veins  may  be  produced 
in  the  floors  of  w^ounds,  in  the  tongue  of  the  frog,  and  in  the  mesentery  of 
dogs  and  other  warm-blooded  animals,  by  irrigation  of  the  tissue  alternately 
with  '75  per  cent  and  I'Q^  per  cent  common  salt  solution.  In  the  siime 
experiments,  however,  it  was  observed  that,  when  the  blood-stream  was  greatly 
slowed,  the  marginal  arrangement  of  the  leucocytes  again  disappeared,  while, 
at  the  same  time,  the  axial  character  of  the  stream  was  lost. 

Working  under  J.  Arnold  and  myself,  Appert  subsequently  confirmed  these 
results  by  other  methods.     We  are  therefore  justified  in  stating — 

(1)  Tkit  wh'Ti  the  rate  of  flow  t.s'  rapid  there  is  a  marginal  zmtyfru  fnym  cor- 
puscUSy  in  Vie  blood-drcum  (Fig.  225,  a), 

(2)  fVhen  the  blood-stream  w  vioderately  slowed,  the  leuoocyies  acaimuhte  in  the 
rtjiiud  som  (marginal  arrangement,  Fig.  225,  i). 

(3)  Jflien  thtre  is  reitj  grent  shuinff  of  the  hlood-st/rmn^  or  when  it  is  quite. 


330 


LOCAL  CIRCULATORY  DISTURBANCES 


atrestiul,  flte  axial  charackr  of  the  stream  is-  lad.  Tlw  didrihulion  of  ilu:  red  and 
wkUe  cells  in  t/t^.  hlood-stream  u  irrefulnr  in  thvi  niM'  {Fig.  225,  </). 

Moderate  slowing  of  the  blomi-stream  causes  the  white  coq>uscles,  which 
are  specifically  lighter  than  the  red,  to  he  driven  into  the  marginal  zone. 
Here,  at  first,  they  roll  along  the  wall  (Fig.  225,  b).  In  a  short  time,  however, 
they  begin  to  adhere  to  the  wall,  lose  their  round  form^  and  are  tlrawn  out  by 
the  passing  stream,  like  hanging  drops  (Fig.  22»,  c). 

At  first,  those  cells  which  are  adhering  to  the  wall  pass  along  a  little 
farther  with  the  blood -stream.  They  then  come  to  a  standstill  in  certain 
places,  where,  as  will  afterwards  be  seen,  two  endothelial  ceUs  of  the  vessel 
walls  meet  each  other.  At  those  points  the  white  cells  adhere  comparatively 
firmly.  At  the  same  time,  a  fine  process  of  cell-protoplasm  appears  on  the 
external  surface  of  the  vessel,  which  swells  up  and  becomes  larger,  while  the 
part  of  the  cell  which  is  still  in  the  lumen  of  the  vessel  becomes  less  (compare 
Plate  I.,  Figs,  b,  c,  tf).     Finally,  the  cells  cling  to  the  vessel  wall  by  a  hair-like 
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Fio.  'i'2b. — a,  CouiUtious  of  tlies  bloud-stream  wtiuti  tU<>  mU'  ul'  How  \a  iioniial ;  f>  and  c,  iiKxIt^nilci  i^lowiti^  of  tlifr 
Htraun  ;  d,  great  sloiiring  of  the  /rtreaiii.  Bt^tween  h  &ud  c  thura  In  this  cMflnrcncv,  that  iu  h  the  white  catlU 
roU  along  tbu  Lnuvr  utirfiice  of  the  wtU,  while  iti  c  they  nrv  mostly  silheriog  to  the  walL    SchetuatK^,  x^TSO. 


procesfi  only,  until  even  this  pushes  out  of  the  vessel  and  the  cell  moves  freely, 
farther  into  the  tissue.  The  different  stages  of  this  process  will  be  made  more 
distinctly  apparent  by  reference  to  Fig.  226,  which  has  been  drawn  from  nature. 

In  the  tissues  the  white  cells  move  onwards  by  means  of  active  amoeboid 
movements,  and  pass  into  the  lymph-vessels,  as  was  first  shown  by  llering  and 
Heller.  The  crooked  zigzag  path  which  they  traverse  in  doing  so  appears,  at 
first  sight,  to  be  irregular  and  aimless.  When  more  closely  examined,  however, 
it  is  observed  that,  on  the  whole,  they  proceed  almost  at  right  angles  from  the 
blood-vessels  (Thoma).  This  fact  can  only  be  confirmed  by  tracing  the  path 
of  the  cells  with  the  aid  of  a  drawing,  as  has  been  done  in  Fig.  227.  The 
cells  sometimes  move  a  short  way  along  the  vessel  within  the  adventitia  of  the 
capillary  before  they  finally  withdraw  themselves  from  it.  I  have  never 
observed  movement  back  into  the  blood-vessel.  It  sometimes  occurs,  however, 
that  such  a  wandering  cell  approaches  another  capillary,  but  only  to  pass  by 
it  at  a  higher  or  lower  level. 

If,  in  these  experiments,  the  lymphatics  be  marked  out  by  the  injection 
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Tbe  cinnabar  accumulates  as  dark  dota  at  the  bomidariea  of  the  endothelial 
cells  of  the  lymphatics.  If  emigration  is  then  caused,  by  an  injury  to  the 
frog's  tongue,  the  white  blood  cells,  which  jiass  into  the  lymphatics,  become 
laden  with  numerous  granules  of  cinnabar.  While  under  observation,  they 
form  cauliflower-like  groups  in  the  dark  accumulation  of  cinnabar  which  marks 
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Pio.  2-iS.— Lympliatics  fxoTw  the  tonifue  of  a  ftng,  irvject^l  with  lalt  solation  coolljiilnf  dOMi^MW  fK  ttM 
(ittru,  uinoug  the  ilarli  duta  whkh  iudicatA  the  iiiArgiiiJi  of  the  findothclUl  MiUi,  mtgntod  wMto  MmI 
rorpiiKCles  have  acctiuiulAted.    x  2iO. 

out  the  bounilaries  of  the  endothelial  cells  (Fig.  228),  and  these,  finally,  break 
up  a!k1  are  carried  away  by  the  lymph-stream. 

In  emigration  from  the  blood-vessels,  also,  the  white  cells  of  the  blood  pass 
between  the  endothelial   cells  through  the   vessel  wall,  as  was  shown  by  J. 

Arnold  by  means  of  gradual  silver  injec- 
tions in  the  frog.  These  facts  have 
recently  been  contirmed  as  regards  mam- 
mals by  G.  Engelmann,  working  under 
my  dirL^ction  (Fig.  229). 

After  this  review  of  the  most  import- 
ant facts,  we  must  now  inquire  as  to  what 
forces  drive  the  leucocytes  through  the 
vessel  wall  and  through  the  tissues  into 
the  lymphatics.  Hering  has  ascribed  the 
process  to  the  vis-a-fcergo  of  the  blood- 
pressure,  and  has  regarded  emigration  as 
a  filtration  of  the  cells  through  the  hypo- 
thetical pores  in  the  vessel  wall. 
More  recently,  Scbklarewsky  attempted  to  make  the  axial  character  of  the 
blood-stream  responsible  for  the  emigration.  Ho  bad  observed  that  the  white 
cells  wander  out  from  the  cylindrical  red  column  of  blood  which  is  formed  in 
vertical  capillary  tubes  when  the  blood  coagulates.  He  thought  that  it  was 
possible  to  explain  this  observ^ation  by  saying  that  the  fluid  was  denser  in  the 
neighbourhood  of  the  red  cells,  and  therefore  was  under  a  higher  pressure. 


1?." 


Fio.  229.— CnpHlary  from  tlin  meseti1*ry  of  Uw 
(log,  with  two  mlgmt<d  loucocytes.  Ii;joct«(l 
irit]i  BUver,  stained  with  borax  iaurmin«  (after 
O.  EDgoUnann). 
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This  higher  pressure  was  supiwsed  to  drive  out  the  white  blood  corpuscles  from 
the  solid  column  of  blood,  which  consists  largely  of  red  cells,  \vl  the  same 
maimer  as  it  drives  them  out  from  the  axial  stream  into  the  marginal  stream, 
and  from  there  into  the  tissues. 

This  attempted  explanation  of  Schkkrewsky  can  only  apply  to  the  white 
cellfl  which  are  neur  the  margins  of  the  column  of  Wood,  The  white  cells 
which  are  near  the  centre  of  the  coagulated  mass  of  blood  pass  upwards  by 
virtue  of  their  lower  specific  gravity,  but  not  in  a  horizontal  direction  as  in 
Schklarewsky'a  observations.  This  author,  it  appears  to  me,  hiia  not  laid 
sufficient  stress  upon  the  shrinkage  of  the  column  of  blood  which  squeezes  the 
serum  from  the  coagulated  blood.  The  direction  of  the  stream  of  scnim  which 
is  thus  expressed  from  the  coagulum  by  its  contraction  determines,  in  my 
opinion,  the  direction  of  the  emigration  of  the  cells,  just  as  the  current  of  the 
fluids  in  the  tissues  detci-mines  the  wandering  of  the  cells  in  the  tissues. 

There  is  no  doubt  that  in  emigration  the  amceboid  movement  and  changes 
in  shape  of  the  leucocytes  play  an  important  part.  The  presence  of  amoeba- 
like motile  wandering  cells  in  the  tissues  and  in  pus  was  first  observed  by 
Yirchow  and  von  Kecklin^hauscu.     Kiihne  afterwards  showed  that  araueboid 
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Pio.  2S0. — a,  BUlionory  white  blood  corpiunto  wken  there  \*  tntich  skit  solntiott  in  tbo  nBlghboorbcxxl ;  b,  acUvely 
am«boid  white  o«Us  in  «  vitery  modium  adhering  to  the  under  Miirllac«  of  the  covcr-glus ;  c,  we&kly 
smcBboid  and  nstlng  cdhi  floating  free  In  »  veiy  watery  medium,    x  900. 

movement  was  arrested  when  oxygen  was  absolutely  e.xcluded.  A  small 
amount  of  oxygen  is,  however,  present  throughout  all  the  tissues,  so  that  in 
the  living  body  absence  of  oxygen  can  never  be  ascribed  as  the  cause  of 
cessation  of  the  amoeboid  movements  of  the  wandering  cells,  as  was  suggested 
by  Binz. 

Finally,  I  have  shown  that  the  ama'boid  movement  of  the  cells  is  dependent 
upon  the  amount  of  water  and  salt  contained  in  the  tissue  juices  and  the  blood. 
After  the  frog  is  deprived  of  water  by  evaporation,  or  after  a  3  per  cent  solution 
of  salt  has  been  introduced  into  the  Ijrmph-aac  or  into  the  blood-vessels  of  the 
living  animfd,  the  ani<»?boid  movements  of  the  white  coq)uscle3  and  the 
wandering  cells  are  arrested.  If  water  is  again  injected  into  the  animal,  these 
cells  become  amoeboid  once  more.  The  same  experiment  also  succeeds  in  the 
blood  of  animals  and  man  which  has  been  passed  from  the  vein  on  to  the 
slide.  In  the  tissue  of  living  animals  also,  both  cold-  and  warm-blooded,  the 
same  results  are  obtained  when  the  tissues  are  irrigated  alternately  with  *75 
per  cent  and  1  "5  per  cent  salt  solution.  In  the  area  affected  by  the  1  '5  per 
cent  irrigating  fluid,  the  whole  of  the  white  corpuscles,  both  within  and 
without  the  blood-vessels,  are  found  to  be  in  a  stationary  spherical  condition. 
All  the  wandering  cells  in  the  tissue,  however,  are  amoeboid  when  the  irrigation 
is  of  *75  per  cent  salt  solution. 
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Only  thoae  white  blood  cells  which  are  found  floating  free  in  the  blood  or 
in  the  lymph  appear  rounded  or  spherical  In  watery  media,  alaoj  they  are, 
however,  not  completely  resting,  but  every  now  and  then  push  out  short, 
tongue-shaped  processes  which,  after  a  short  time,  disappear,  and  then,  in  a 
little  time,  again  project  from  other  parts  of  the  cell. 

A  resting  and  an  amoeboid  condition  of  the  protoplasm  of  the  leucocytes 
may  be  distinguished.  The  resting  condition  (Fig.  230,  a)  is  developed  in 
fluids  with  a  large  percentage  of  salt,  the  amceHoid  condition  (Fig,  230,  6,  c) 
where  the  percentage  of  salt  is  low.  The  amiieljoid  movements  are,  however, 
only  active  if  the  cells  are  in  contact  with  the  surface  of  a  solid  body  (Fig. 
230,  h\ 

If  a  piece  of  the  mucous  membi-ane  of  the  frog's  tongue  be  removed  (Fig. 

231)  and  immediatoly  irrigated  with 
I  '5  per  cent  .solution  of  salt,  the  mar- 
ginal position  and  emigration  of  the 
leucocytes  do  not  occur,  but  both 
immediately  appear  if  the  1*5  per 
cent  salt  solution  bo  replaced  by  '75 
per  cent  solution.  In  this  experiment 
the  absence  of  marginal  position  and 
emigration  is  due  to  the  dilat.atioQ 
of  the  arteries,  produced  by  the  more 
concentrated  salt  solution.  This 
accelerates  the  blood  -  current  and 
prevents  the  marginal  position  of 
f "  '''*:.'r.\  ^^^    leucocytes.       Under    such    cir- 

"'^^V-«^>^  cumstances,   it  is  of  no  consequence 

whether  the  leucocytes  are  amoeboid 
or  not. 
l>  After  the   '75  per   cent  solution 

^  of  salt  has  flowed  over  the  wound  for 

^  one  or  two  hours,  marginal  pc»sition 

h1   enugration   are   well    developed, 
ice    the  current  has  again  become 
1*/         slowed.       If    the    irrigation    fluid    is 
\^_        /4  V  .  ii  .      '^  /  changed  to  a  strength,  of  1*5  per  cent 

Fio.Mi.-TongiieoffroBHhowintf™.nov«iofpartofth«  ^^0  Stream  becomes  accelerated  Again. 
mucous  meiiibiune  of  thw  upper  aurfcca  of  thr  In  the  greater  number  of  the  capil- 
wiigue,  »  a  i>r«i««uou  for  tk«  Irrigation  exp«ri-  laries  and  veins,  though  not  in  all,  the 

marginal  arrangement  has  disappeared. 
In  many  places  the  vessel  has  become  narrowed  by  white  colls,  and  partly  by 
red  cells  which  have  pushed  out  processes  into  the  vessel  wall,  and  therefore 
cannot  readily  be  swept  away  by  the  blood -stream.  The  blood -stream  is 
therefore  not  accelerated  in  some  places,  the  marginal  position  is  preserved,  and 
numerous  cells  remain  firmly  attached  to  the  inner  .surface  uf  the  vessel  walL 
Emigration  does  not  continue,  however.  The  white  corpuscles  both  within  the 
veeaels  and  in  the  tis.suos  are  spherical  and  shining.  The  amcelx>id  movement 
has  ceased,  and  with  it  the  emigration. 

These  experiments,  which  I  carried  out  first  on  the  tongue  of  the  frog, 
were  performed  with  similar  result  on  the  mesentery  of  dogs,  rabbits,  and 
guinea-pigs. 

The  amcuhml  cmdiium  of  the  protoptimn  of  tJut  lciirocyte»  is  fkinm^  by  my 
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investigationB,  io  be  esseittial  far  th-  cmifp'otion  of  the  leucocytes  and  for  their 
wtniderin^s  within  the  iiss^ie.s.  In  the  amoeboid  condition  the  leucocytes  adhere 
to  the  vessel  walls  and  to  the  inner  surface  of  the  connective  tissue  spaces, 
althou^'h  this  adhesion  Ijecomes  very  slight  if  the  cell  protoplasm  passes  into 
the  resting  condition  after  an  increase  in  the  amount  of  salts  in  the  circulating 
blood  and  in  the  vessels. 

There  can  be  no  doubt,  however^  that  atlljering  bodies  may  be  drawn  into 
naiTow  fissures  with  great  force,  simply  by  the  stv-Lidlcd  capillary  attraction. 
If  a  drop  of  water  be  introduced  into  the  wide  end  of  a  gi'adually  narrowing 
capillary  tube,  it  passes  rapidly  into  the  narrower  part  of  the  tube  even  against 
the  action  of  granty  (Fig,  232).  The  teaching  of  physics  shows  that  the 
difference  of  tension  due  to  the  inequality  of  the  curvature  of  the  two  free  ends 
of  the  drop  of  water  is  the  cause  which  produces  the  movement.  The 
propelling  |K)vver.  depending  on  the  tension  of  the  curved  end  surfaces,  is  the 
greater  the  smaller  the  lumen  of  the  tube.     In  narrow  tul)es  it  can  suspend  a 
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Fio.  233.— A  flrop  of  water  fa  »  gradually  ii»rrow. 
ing  cat>llUry  tub*  luoving  by  rwwon  of  capll- 
lAry  aittnctioii. 


Fl»».  233-— ScUt'iiie  Hhnwitig  mode  of  eutraitce  of 
0.  whit*'  )>loo<l  corpuaclu  into  ftii  Apvrturo  Iti 
the  wttll  i)f  the  vessel. 


column  many  metres  high.  It  may  be  understood,  therefore,  that  such  a  pull 
exerted  by  capillary  attraction  is  sufficient  to  draw  the  white  blood  corpuscles 
which  are  adherent  to  the  wall  into  the  nan*ow  spaces  between  the  endothelial 
celk  (Fig.  233).  One  peculiarity  is,  however,  worthy  of  note.  The  white 
corpuscles  do  not  spread  out  on  the  inner  surface  of  the  walls  of  the  vessel  in 
the  same  manner  as  on  the  inficr  surface  of  the  tissue  sjmces.  The  cell  body 
forms,  on  the  inner  side  of  the  vessels,  »  drop  with  abruptly  rising  margins 
(Fig.  233).  It  adheres  relatively  finnly  to  the  margins  of  the  endothelial  cells  ; 
but,  on  the  other  hand,  only  slightly  to  the  free  surface  of  the  endothelium  of 
the  vessel — a  condition  which  is  connected  with  the  fact  that  the  blood  plasma 
contains  more  salts  than  the  lymjih  ur  the  tissue  juices.  The  cell  jmjsscsscs, 
therefore,  in  the  side  turned  towaixls  the  lumen  of  the  vessel,  a  convex  surface, 
the  tension  of  which  exerts  a  pressure  in  an  outward  direction.  This  pressure 
is  to  be  added  to  the  traction  exerted  by  the  presumably  concave  surface  of 
the  procMS  passing  outwards  and  adhering  to  the  opening  in  the  vessel  wall. 

The  spaces  between  the  endothelial  cells  are  very  narrow,  so  that  the  form 
of  the  emerging  process  within  them  cannot  be  immediately  observed.      A 
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more  exact  observation,  however,  is  possible  so  soon  as  the  process  of  the  cell 
appears  on  the  external  surface  of  the  vessel,  where  the  protoplasm  of  the  cell 
immediately  broadens  out  (Fig.  226).  This  is  also  a  phase  of  the  adhesion 
which  exerts  traction  on  the  remainder  of  the  cell  within  the  vessel 

Similar  observations  may  be  continuously  made  during  the  further  progress 
of  the  cell  through  the  tissues.  The  surface  of  the  wandering  cell  is,  as  a  rule, 
flattened  and  shows  numerous  projections  (Fig.  226,  a),  and  in  part  rounded 
and  shining.  The  cell  always  travels  in  the  direction  towards  which  the 
processes  point.  The  rounded,  shining  part  of  the  cell  siu^ace  is  therefore 
turned  towards  the  vessel,  as  follows  from  the  sketch  of  the  direction  of  the 
path  (Fig.  2^7).  One  may  conclude  from  their  rounded  form  that  they  adhere 
only  slightly  or  not  at  all  to  neighbouring  parts,  so  that  the  traction  of  the 
flatly  extended  amoeboid  part  of  the  protoplasm  serves  entirely  for  locomotion. 
I  have  already  described  the  causes  of  the  direction  taken  in  migration  (in 
1873),  and  mentioned  grounds  which  necessitate  the  assumption  that  the 
difference  in  the  amount  of  the  watei;  in  the  blood  and  in  the  Ijnmph  determines 
the  direction  of  migration.  The  experiments  in  irrigation  which  have  just 
been  discussed,  and  which  were  published  in  full  in  the  year  1875,  show  that 
the  amoimt  of  water  in  the  tissues  influences  the  amoeboid  movement  of  the 
protoplasm  of  the  migrated  cells  in  a  most  distinct  manner,  and,  therefore,  that 
the  amoeboid  movement  of  the  cells,  and  their  adhesion  to  the  vessel  wall  and 
to  the  inner  surface  of  the  tissue  spaces  which  result  from  it,  are  the  essential 
factors  in  migration  and  in  the  direction  of  the  movements  of  the  cells  in  the 
tissues.  This  is  at  present  described  as  chemotaxisj  and  Leber  has  demonstrated 
similar  chemotactic  actions  in  other  chemical  bodies,  and  especially  in  the 
metabolic  products  of  the  fission-fungi.  The  direction  of  the  current  of  the 
fluids  in  the  tissue  spaces  may  also  influence  the  movement  of  the  protoplasm 
of  the  wandering  cells  in  such  a  way  that  the  surface  of  the  cell  exposed  to 
the  current  of  fluid  withdraws  its  processes  and  becomes  round  and  shining ; 
while,  on  the  opposite  side  of  the  cell,  the  protoplasm  remains  amoeboid  and 
moves  farther  along  the  inner  surface  of  the  tissue  spaces.  This  would  thus 
be  an  indirect  action  of  the  friction  of  the  current  of  fluid  on  the  direction  of 
the  amoeboid  movements  of  the  cells,  and  might  be  termed  mechanotr&pia.  It 
may  also  determine  the  direction  of  the  cells  emigrating  from  a  coagulated 
blood -clot,  as  described  in  Schklarewsky's  experiments,  in  which  case  the 
stream  of  the  serum  expressed  would  determine  the  direction.  As,  however, 
amoeboid  movement  is  very  active  in  the  blood  serum,  the  phenomena  of 
chemotaxis  might  also  be  concerned. 

Finally,  the  leucocytes  which  have  migrated  from  the  blood  pass  into  the 
lymph-vessels  (Fig.  234). 

During  this  time  the  amoeboid  conditions  of  the  wandering  cells  is  pre- 
served, because  of  the  large  amount  of  water  present  in  the  lymph.  The 
foremost  portions  of  the  cells  which  are  entering  the  lymph-vessel,  however, 
lose  contact  with  the  vessel  wall  The  continued  movement,  as  far  as  it 
depends  upon  capillary  action,  can  only  be  the  result  of  the  surface  tension  of 
that  part  of  the  cell  which  is  still  left  in  the  tissues,  since  this  part  is  rounded. 
Such  an  action  may  very  well  be  ascribed  to  it,  for  the  pressure  which  the 
surface  tension  produces  is  always  directed  towards  the  concave  aspect  of  the 
curve  (Fig.  235).  The  surface  tension  here,  however,  is  produced  by  the 
phenomena  of  the  so-called  capillary  attraction  which  develops  between  the 
surface  of  the  cell,  the  inner  surface  of  the  connective  tissue  spaces,  and  the 
fluids  contained  in  the  latter.      This   is   proved  beyond  any  doubt  by  the 
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experiments  of  Gad  and  B.  Quincke.  These  authors  observed  ama-boid 
movements  in  drops  of  oil  which  were  placed  in  salt  solation,  and  explained 
this  in  the  above  fashion. 

These  facta  show  that  we  are  justified  in  regarding  the  movements  of  the 
Jeucocytes  as  being  due  to  their  adhesive  power,  in  conjunction  with  the  varying 
tensions  of  the  surface  of  the  cell,  and  that  chemotaxis  and,  possibly,  mechano- 
tropia  also  delermine  the  direction  of  the  movement.  It  must  remain  an 
open  question,  however,  how  far  the  ris-a-ten/o  of  the  blomi-prtssurt'  also  exercises 
an  infinence.  That  it  does  so  is  quite  probable,  since  red  blood  corpuscles, 
which  have  left  the  vessels,  may  appear  in  the  lymph,  even  although  they  have 
no  amceboid  movement  Considerable  importance,  however,  must  be  attributed 
to  the  currents  of  fluid  which  are  jjroduced  in  the  tissues  by  the  actions  o! 
the  voluntary  muscles.     These  currents  are  relatively  strong,  as  may  be  seen 
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Fic.  234. — The  ciitnuice  uf  ctiiignitetU  wblt«  blood 
corptucles  liito  a  vido  lyiupli-ireMel  of  thi; 
frog's  tongue,  X  700. 
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Fig.  SS&.— Emlgi»Uon  of  white  blood  corpmclen 
from  lliB  tlKmie  g  into  the  lyruph  *  vessel  /,- 
r.  endutbollal  membrtae.    tjclieiTAtic. 


from  the   experiments  of   Paschutin    and    Emmingbaus,     Their   influence,  as 
regards  the  emigration  of  cells,  however,  requires  more  thorough  examination. 


A  number  of  important  experiments  prove  that  even  in  the  mrnutl 
unduhirhed  hlijotl  -  dream  some  Uwoci/tt-.s  emiffraif  /mm  iJu'  hLjod-vesiieh.  This 
fact  is  easily  undorstx)od,  when  it  is  considered  that  in  the  marginal  zwie 
of  the  blood-streams  of  the  capillaries  and  veins,  destitute  of  corpuscles  for  the 
moat  pju-t,  a  few  leucocytes  appear  from  time  to  time  aofl  come  into  contact 
with  the  vessel  wall.  Positive  proof,  however,  may  be  drawn  from  v. 
Reckhnghausen's  demonstration  of  wandering  cells  in  normal  tissue,  Hering 
also  observed  that  in  the  web  of  the  frog  a  few  white  corpuscles  emigrated, 
even  when  the  blood-flow  was  apparently  undisturbed. 

The  emigration  of  leucocytes  becomes  very  much  more  extensive  when 
the  blood-stream  is  disturbed.     Arterial  hypera^mia  can  be  easily  produced  by 
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stretching  the  tongue  of  a  curame'l  frog  on  a  suitable  slide.  This  hj7)ersemiji 
reaches  its  highest  limit  in  a  short  time,  but  the  dilated  arteries  contract 
somewhat  earlier  than  the  veins  they  sapply.  During  this  time  a  typical 
marginal  arrangement  of  the  leucocytes  has  taken  place  in  the  dilated  veins 
and  is  immediately  followed  by  emigration.  These  phenomena  are  transient, 
however,  for  the  veins  also  gradually  contract  and  the  normal  rate  of  flow  is 
fioon  regtored  within  them.  The  marginal  arrangement  and  the  emigration 
disappear  simultaneously  and  are  now  found,  at  most,  in  a  few  capillaries  and 
veins  in  which  the  blood -flow  is  somewhat  interfered  with  by  the  great 
ftivtching  of  the  organ. 

In  this  case  the  disturbance  of  the  innervation  of  the  vessels  by  the  slight 
injury  is  the  cause  of  the  disturbance  in  the  circulation,  and  of  the  marginal 
arrangement  and  emigration  of  the  leucocytes,  as  was  more  fully  demonstrated 
in  the  descripuon  of  traumatism.     We  are  therefore  justified  in  assuming  that 
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many  other  disturbances  of  the  innervation  of  the  vessels  may  have  similiir 
results.  According  to  the  investigations  of  von  Recklinghausen,  which  have 
been  previously  mentioned,  herpes  zoster,  or  shingles,  is  thus  the  result  of  a 
nerve  lesion.  It  manifests  itself  l»y  the  copious  emigration  of  leucocytes  from 
the  blood-vessels  of  the  skiu  int4>  the  cellular  layers  of  the  rete  Malpighi. 

It  would  be  of  groat  interest  for  the  further  study  of  these  (|Uestion8  if  it 
could  bo  learned  whether  disturbances  of  the  innervation  of  the  vessel  are 
capable  of  ailtering  the  permeability  of  the  vessel  walls,  [The  first  experiments 
made  by  Gorgens  in  this  conjK^ction  have  been  dUTerently  explained  by  Teres- 
tschenko.]  Alterations  in  the  conditions  of  the  endothelium  of  the  vessel  walls 
can  also  be  distinctly  demonstrated  if  the  blood-vessels  be  injected  with  silver 
solution  after  the  slight  circulatory  disturbances  in  the  tongue  of  the  frog, 
descril»e<l  above,  have  passed  off. 

On  the  other  hand,  observation  of  living  animals  shows  that  those  places  in 
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the  vessel  wall  which  have  allowed  the  passage  of  a  considerable  niimhei*  of 
leucocytes,  afterwards  permit  the  red  blood  corpuscles  to  paa^  through  also 
(Fig.  236).  Obviously,  ilie  onitfration  of  the  IcumnjtcA  givrA  rise  itt  inanm'fl 
pe)'iii/ythiUtij  of  ifts  m^ir^l  wall.  After  a  brief  disturbance,  such  as  follows  the 
siiople  extension  of  the  frog's  tongue,  this  is  too  insignificant  to  be  demon- 
strated. In  vaso-raotor  disturbances  of  longer  duration  (herpes  zoster)  it  might 
be  possible  that  the  increase  of  perra^eability  in  the  vessel  wall,  which  occurs  as 
a  result  of  circulatory  disturbances  and  emigration,  would  be  more  considerable. 
Tfte  increase  of  pcrTnctibiliti/  of  ihc  vessel  wall  would  ihrn,^  in  its  turn,  increaM  the 
retardution  uf  tJie  stream  und  the  eniujnition, 

A  vicious  circle  is  thus  set  up,  ilie,  emigratiofi  of  the  while  blood  cells  iiijurrs  the 
vessel  wdl  and  itKyraisea  itn  pHniwahiliiy ;  rohile^  vice  versA,  a  mnsidemhhs  inci'ease 
of  Vie  pcrnieahdity  of  the  tv>-.>w/  xmll  imiy  give  rvic  t<t  fniiffration, 

Tlie  fact  that  considerable  increase  of  the  permeability  of  the  vessel  wall 
causes  emigration  of  leucocytes,  under  certain  circnmstancps,  is  especially  clearly 
seen  in  those  cases  in  which  an  external  injury  directly  afiecta  the  vessel  wall. 
It  is  cliiefly  toxif  sHhsttma'a,  acting  rhcfnimib/^  espcdidly  the  melnMir  jmnhfrfs  if 
the  borieria  of  sujtpumtion,  tidterch  hw.illi  and  other  mirrohe.<i^  which  produce  this 
effect.  If  any  part  of  the  body  be  cauterised  with  caustic  alkalies  or  acids, 
with  silver  nitrate  or  other  reagents  which  strongly  atfect  the  tissue,  or  if 
the  pyogenic  bacteria  or  other  microbes  bo  inoculated,  the  white  corpuscles 
begin  to  emigi'ate  from  the  vessels.  The  appearances,  at  first,  are  similar  to 
those  after  the  slight  injuries  of  the  frog's  tongue  described  above.  The  vessels 
iirst  dOate  and  the  stream  becomes  accelerated.  Subsequently,  the  arteries 
contract  slightly,  the  stream  in  the  veins  is  slowed,  and  the  marginal  arrange- 
ment and  emigration  of  the  leucocytes  result  The  marginal  arrangement, 
however,  persists  a  very  long  time  and  is  vei'V  extensive.  Thia  difference  in 
the  result  must  be  referred  to  increase  of  the  permeability  of  the  vessel  wall, 
due  directly  to  the  poison,  as  Cohnheira  has  established  beyond  doubt.  This 
assumption  may  be  further  proved  by  the  fact  that  the  Huid  which,  under 
these  circumstances,  passes  through  the  vessel  wall  is  of  abnormal  composition, 
has  less  water,  and  manifests  the  general  characteristics  of  an  exudation. 

The  increase  in  permeability  of  the  vessel  wall  causes  slowing  of  the  blood- 
stream in  the  capillaries  and  the  veins :  in  the  tirst  place,  because  under  such 
circumstances  the  greater  part  of  the  blood  plasma  passes  over  to  the  tissues ; 
and,  in  the  second  place,  because  the  white  corpuscles  which  have  passed  into 
the  marginal  stream  are  apposed  to  the  permeable  wall  in  great  numbers,  and 
thus  diminish  the  lumen.  Latr^  on,  the  emigration  becomes  more  extensive 
because  of  the  greater  permeability  of  the  vessel  wall.  Numerous  red  blood 
corpuscles  alao  pass  into  the  tissue  when  the  permeability  of  the  wall  is  greatly 
increased,  and  diai>edesis  is  thus  associated  with  the  emigration  (Fig.  23G). 
Finally,  stasis  may  even  develop  if  the  permeability  of  the  vessel  wall  exceeds 
certain  limits,  and  much  of  the  blood  plasma  passes  into  the  tissues. 

In  those  cases  in  which  toxic  substances,  especially  the  metabolic  products 
of  the  pyogenic  organisms,  cause  emigration,  the  direction  t^ken  by  the  cells 
which  have  passed  out  fi'om  the  blood-vessels  is  altered.  Alfhomih  a  j>ortion  of 
the  emigrateil  ceAU  wander  into  the  hjmph-rts,sels  just  as  in  the  slight  injuries  already 
described,  still  very  many  or  nearly  all  the  cells  rmdf  thrir  waif  tomird.-< 
M/i  rhrmimUtj  odiiig  foreign  body.  It  must  be  concluded,  from  the  previously 
mentioned  experimenta  of  Leber,  that  foreign  chemical  substances,  situated  in 
the  tissue,  influence  the  direction  of  the  amceboid  movement  of  the  emigrated 
cells  in  a  way  similar  to  that  already  demonstrated  as  regards  the  salts  and 
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water  contained  in  the  tissues  (chemotaxis).  Just  as  the  wandering  cells 
escape  from  the  blood  and  find  their  way  into  the  comparatively  watery  con- 
tents of  the  Ij'raph-vessels,  they  also  pass  from  non-poiaonous  into  poisonous 
areas,  after  certain  toxic  substances  have  been  diffused  in  the  tissues. 

This  diversion  of  the  wandering  cells  from  their  usual  path  by  the  action 
of  poison  is  very  well  seen  if  the  result  of  the  invasion  of  the  tissue  by 
pyogenic  organisms  be  closely  examiufd.  Fig.  237  gives  a  section  from  the 
medulla  of  the  human  kidney.  The  dark  area  in  the  middle  is  a  zoogh»:;a 
colony  of  pyogenic  bacteria  which  has  developed  in  a  small  blood  capillary 
from  some  microbes  carried  thither  by  the  blood.  Round  about  this  2ooglo?a 
colony  the  tissue  is  cheniicall}^  altered  in  such  a  way  that  the  nuclei  of  the 
cells  no  longer  stain,  and  the  elements  of  the  tissue  generally  have  become 
indistinct.     This   change   represents  a  local   death  of   tissue.     The   chemical 
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Fio.  saT.— Zoogloui  colony  iu  the  tOMluUa  of  tho  ImniAU  kidney.  Tku  immifdlat«  neigh bourbooU  of  the  oolOQJ 
Is  Altered  both  cheinlcally  and  htatologically ;  it  la  dcftd.  Aound  Uila  the  tisHii«s«in}  InJUtnled  with  DUluQr- 
otu  waadeiing  calls.    X  162. 

action  of  the  |X>ison  generated  by  the  microbes  extends  beyond  the  bordei-s  of 
the  dead  into  the  living  tissue.  It  manifests  itself,  as  was  thoroughly 
described  in  the  general  discussion  of  the  local  actions  of  poisons  and  infections, 
by  disturbances  of  innervation,  of  circulation,  and  of  tissue  nutrition.  The 
circulatory  disturbance  leads  to  the  emigration  of  large  numbers  of  leucocytes. 
These,  however,  do  not  all  pass  into  the  IjTnph -vessels,  but,  for  the  most  part, 
make  theii-  way  towards  the  source  of  the  poison  and  form  a  zone  of  minlU 
celled  infiUratifm  round  about  the  dead  tissue.  The  leucocytes  also  penetrate 
the  dead  tissue,  but  are  broken  down  here,  so  that  the  internal  margin 
of  the  zone  of  small-celled  infiltration  shows  numerous  fragments  of  nuclei 
(figured  in  the  diagram  as  dots).  The  death  of  the  tissue  frequently  extends 
into  the  zone  of  small-celled  infiltration  also,  so  tluit  the  small-celled  infiltration 
enlarges  its  area,  and  the  whole  focus  of  disease  increases  in  circumference. 
In  recent  specimens  the  periphery  of  the  zone  of  smalbcelled  infiltration  is 
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bright  red,  as  the  result  of  the  local  reactive  disturbatices  which  lead  to  the 
emigration-  These  disturbances  are  due  to  the  metabolic  products  of  the 
bacteria  diffused  in  the  tissues,  and  also  to  the  chemical  products  of  the 
disintegration  of  tlie  tissues.  Under  the  microscope  the  circulatory  disturV 
ance  can  only  be  seen  with  the  higli  power. 

The  meUibolic  products  of  the  organisms,  especially  certain  enzymes,  liquefy 
a  great  part  of  the  dead  masa  of  tissue  in  the  coiu-se  of  time.  It  must  also  be 
remembered  that  gi'eat  quantities  of  the  fluid  constituents  of  the  blood  leave 
the  vessels  along  with  the  white  cells.  Although  these  fluids  contain  fibrinogen, 
fibrin  formation  is  very  seldom  observed,  because  the  enzyraea  mentioned 
as  being  produced  by  the  organisms  dissolve  the  fibrin  after  its  formation, 
or  when  in  statu  iKUceiiti.  A  great  part  of  the  dead  tissue  is  thus  converted 
into  a  fluid  into  which  numbers  of  emigrated  cells  find  their  way.  This  fluid, 
which  contains  numerous  cells,  undissolved  fragments  of  fibrin,  and  slireds  of 

tissue,  ap£>eai"sa8  turbid,fjr/vjr V,  n-rf/ratfish'  ^ , 

whiley  more  fir  less  fluid  pujf.  As  a  rule, 
however,  it  is  altered  within  a  short 
time  by  the  appearance  of  finely 
granular,  albuminous,  and  fatty  pro- 
ducts of  disintegi-ation  within  the 
pus  cells  derived  from  the  blood. 
The  pes  assumes  a  yelloAvish- white 
colour,  from  the  presence  of  the 
highly  refract! le^  shining,  fatty  and 
allmminous  molecules.  As  a  rule, 
the  pus  parts  with  some  of  its  water 
to  the  tissues  roimd  about,  while  the 
continuous  emigration  brings  it  new 
cell  material.  It  thus  becomes  some- 
what  more  consistent,  and  has 
assumed  an  appearance  like  cream, 
ijt'llaw  a  mini/  jm.'i.  This  appearance 
is  preserved,  when  the  pus  cells  com- 
pletely break  down  into  fatty  and 
albuminous  molecules. 

The  portion  of  the  small -celled 
zone  situated  next  the  fluid  pus  contains  such  quantities  of  the  poisonous 
substances  generated  by  the  pyogenic  organisms,  that  solution  of  the  tissue 
begins  within  it  and  the  infiltration  becomes  purulent  This  zone  of  pundent 
infiltration  becomes  liquefied  over  a  greater  or  less  area  and  is  thus  transformed 
into  fluid  pus. 

The  cavity  in  the  tissue  filled  with  fluid  pus  is  called  an  absa'ss.  The 
variety  just  described  is  termed  mitiarj/  abscess,  on  account  of  its  small  size.  It 
is  formed  when  the  pyogenic  organisms,  or  finely  diWded  fragments  infiltrated 
with  these  organisms,  gain  access  to  the  circulation  from  puriform  softening  of 
a  thrombus,  or  by  some  other  meiina,  and  are  deposited  in  the  capillaries  of  the 
organ.  If  the  microbes  which  have  entered  the  circulation  resist  the  antagonistic 
action  of  the  living  tissue  and  tissue  fluids,  suppuration  takes  place,  resulting 
in  this  case  in  the  development  of  j>t/irmk  absc£Sf<t,t.  Miliary  abscesses  also 
occur  under  other  conditions,  when  the  pyogenic  organisms  invade  the  tubules 
of  the  kidney  from  its  pelvis,  for  instance.  \Vlien  they  are  disseminated  by  the 
blood,  miliary  abscesses  occur  most  commooly  in  those  organs  in  which  finely 


Fio.  288.— PytL-mlc  Rbscens  of  the  lildney.  n,  OontnU 
deji4  jilece  of  tisaae;  h,  snppumtlve  tone  showa  iu 
whit"  ;  r,  rone  of  granulation  tlHsae  ;  its  iinmeflUt* 
neighbourhood  is  hyperwinlc  as  the  result  of  naictlvn 
eirculHtory  ili»tnrl»nco,  und  is  thereforn  coloureil 
somewhat  darker;  li,  embolus  fn  a  brunch  of  the 
rtuttl  artery ;  e,  t,  siuaU  potnta  of  pnrulent  infUtn- 
lion.    X  3. 
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divided  foreign  bodies  in  the  circulation  are  mainly  deposited,  the  liver,  spleen, 
and  bone -marrow.  Organs  with  very  narrow  ciipillaries,  such  as  the  kidney 
or  the  brain,  ure  also  common  situations  for  miliaiy  absceSvS.  When  very 
numerous,  the  miliary  abscesses  may  become  confluent  and  so  give  rise  to  an 
abscess  aa  large  as  a  walnut  or  a  fist,  as  is  frequently  observed  especially  in 
the  liver. 

If  larger  vessels  are  plugged  by  emboli  infected  with  pyogenic  microbes, 
abscesses  of  considerable  size  arc  farmed.  These  are  usually  rounded  in  shape, 
if  the  occlusion  of  the  artery  is  immediately  followed  by  development  of  a  full 
collateral  circulation.  These  abscesses  are  comparatively  common  in  the  lungs, 
because  the  blood  coming  from  the  great  veins  has  here  to  traverse  a  capillary  net- 
work for  the  first  time.  If,  on  the  other  hand,  the  occlusion  of  the  arteries  by 
infected  emboli  leads  to  more  pennanent  intennption  of  the  circulation  in  the 
area  supplied,  the  suppuration,  as  a  rule,  attacks  the  whole  of  the  ischa-mic 
part.  Wedge-shaped  abscesses  form  in  the  kidney  (Fig.  238),  while  in  the  sjdeen 
and  the  brain  they  are  rounded  or  iiTegular,  corresponding  to  the  local  extent 
of  the  circulatory  disturbance. 

Finally,  abscesses  are  formed  under  many  other  circumstances  which  allow  the 
organisms  to  enter  the  tissues,  fjj,  in  the  gum  when  the  teeth  are  carious,  in  the 
parotid  in  cases  of  typhoid  or  in  other  general  pyrexial  infections  which  at  once 
lessen  the  capacity  for  resistance  towards  pytemic  i>oisons  and  diminish  the 
secretion  of  saliva,  so  that  opportunity  is  given  to  the  organisms  in  the  mouth 
to  enter  the  excretory  ducts  of  the  glands.  In  the  same  way,  abscesses  are 
formed  in  the  lungs  when  food  passes  into  the  bronchi,  especially  in  cerebral 
lesions  which  give  rise  to  disturbances  of  function  in  the  muscles  of  the 
pharynx  and  larynx.  In  the  soft  parts  abscesses  are  formed  after  punctures 
with  dirty  needles,  in  which  case  the  punctures  may  heal  without  »  trace  on 
the  surface,  while  abscess  formation  begins  in  the  deoj)er  tissues.  The  form 
and  size  of  the  abscesses  which  occur  under  tbeso  and  other  circumstanceB 
show  great  variations.  Frequently  it  is  not  rounded,  limited,  suppurating 
cavities  that  arc  formed,  but  widely  burrowing  pundent  infiltrations  of  the 
tissues,  which,  by  thoir  confluence,  may  become  irregular  suppurating  cavities. 
In  this  ease  the  pus  gains  access  to  the  opened  tissue  spaces,  the  sub-fascial 
and  intermuscular  spaces,  into  the  tendon  sheaths,  the  capsules  of  the  joints, 
and  into  the  serous  cavities,  the  w  alls  of  which  it  infects,  and,  at  the  same  time, 
softens  by  suppuration.  The  further  advance  of  the  pus  is,  in  many  cajses, 
influenced  by  gravity  {fjnfvUotwn  uhsnym).  Active  and  passive  muscular  move- 
ments are  more  important  factors,  since  it  is  well  known  that  they  are  able  to 
aid  greatly  in  the  progress,  not  only  of  the  lymph,  but  also  of  the  fluids  in 
the  tissues. 

When  the  abscess  has  persisted  a  long  time,  a  layer  of  granulation  tissue 
forms  round  about  it  (Fig.  238,  c).  This  is  derived  from  the  outer  part  of  the 
small- celled  zone  of  the  recent  abscess,  which  has  not  undergone  purulent 
softening,  while  the  blood-vessels  and  the  connective  tissue  give  rise  to  the 
young  cell  matenal.  The  histological  aspect  of  this  process  will  be  more 
accurately  given  in  dealing  with  progressive  tissue  change,  It  was  forraerly 
believed  that  the  young  cell  material  which  surrounded  older  abscesses  as 
a  graiiulation  tissue  zone  was  derived  from  the  pus,  and  it  was  therefore  called 
the  pyogenic  mcmb/tuu: — a  term  which  i^  still  greatly  used  at  present  with 
somewhat  different  meaning. 

The  pus  may  break  through  the  walls  of  the  cavity  and  pass  directly 
externally,  or  into  oi>en  tissue  spaces,  or  pre-existing  cavities  of  the  body, 
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whero  it  excites  new  suppuration.  In  other  cases  it  is  artificially  evacuated 
externally  by  incision.  If»  on  the  other  hand,  it  remains  stationary  at  the 
place  where  it  is  developed,  the  pyogenic  organisms  may  die  and  the  contents 
of  the  ahscess  gradually  lose  their  virulence,  wholly  or  partly.  The  contents 
may  become  inspissated,  calcareous,  or  transformed  into  caseous  masses,  and, 
lastlj',  may  be  reabsorbed.  As  long,  liowever,  as  the  virulence  of  the  pus  is 
not  subdued,  there  is  ahvaj-a  the  danger  that  the  organisms  may  invade  the 
surrounding  tissue  and  gain  access  to  the  blood-vessela  or  lymphatics.  They  are 
then  carrietl  away  to  other  parts,  and,  under  certain  circumstances,  new  abscesses 
are  forme<l  in  other  organs  in  consequence. 

On  the  surface  of  the  skin,  of  mucous  membranes  and  of  wounds  of  all 
kinds,  considerable  circulatory  disturbances  with  emigration  of  leucocytes  are 
caused  by  the  action  of  toxic  and  infectious  substances.  In  such  cases  it  ia  not 
only  the  action  of  chemotiixis,  but  also  the  anatomical  arrangement  of  the 
tissue,  which  leads  some  of  the  cellB  coming  from  the  blood-vessels  to  tho 
surface  of  the  tissue.  With  the  cells,  however,  some  of  the  fluids  escaped  from 
the  vessels  also  pass  to  the  surface,  and  these  fluids  appear  to  be  great  in 
quantity,  in  proportion  to  the  increase  in  the  permeability  of  the  vessel  wall. 
As  a  result  of  the  increased  permeability  of  the  vessel  wall,  the  fluids  are 
generally  highly  albuminous,  and,  together  with  the  cells,  form  the  exudation. 
This  latter,  when  the  pyogenic  organisms  are  present,  assumes,  as  a  rule, 
the  character  of  pus.  In  wounds  which  are  clean  and  not  infected — that  is, 
in  simple  uncomplicated  trauma — the  exudation  is,  as  a  rule,  very  slight  in 
amount.  It  ought  nots^  however,  to  be  overlooked,  since  it  is  occasionally  of 
some  importance  in  the  healing  of  tho  wound.  This  can  only  bo  satisfactorily 
described  in  the  consiileratiori  of  progressive  tissue  changes.  We  were  able  to 
show,  however,  when  describing  trauma,  that  these  changes  also  took  place  in  the 
floor  of  wounds  on  which  neither  toxic  nor  infective  [H^isons  had  acted,  and 
this  necessitates  the  assumption  that  injury  in  itself  can  increase  the  perme- 
ability of  the  vessel  wall.  We  proved  directly  that  thermal  injury  gave  rise  to 
changes  in  the  vessel  wall.  It  might,  perhaps,  also  be  assumed  that  the 
mechanical  action  of  a  blow  may  increase  the  permeability  of  the  vessel  wall 
without  causing  actual  loss  of  continuity.  In  any  case,  however,  the  action  of 
air — that  is,  evaporation — and  the  action  of  the  water  made  use  of  in  dressing 
the  wound  represent  a  chemically  acting  injury,  as  also  does  the  blood  which 
escapes  upon  the  surface  of  the  wound  and  then  coagulates,  and,  perhaps,  also 
the  tissue  juices  which  pass  from  the  margins  of  the  wound  and  coagulate  on  its 
surface.  Although  these  injurious  influences  must  be  regarded  as  insignificant, 
or  even  as  belonging  to  the  normal  course  of  healing,  still  the  vessel  walls  are 
highly  sensitive,  as  is  also  the  protoplasm  of  the  emigrated  cells.  It  is  observed 
that  circulatory  disturbances  persist,  and  cell  emigration  continues  for  days 
in  the  neighbourhood  of  a  perfectly  uncomplicated  incised  wotind.  We 
are  therefore  forced  to  assume  that  the  blood  poured  out  from  the  wound  and 
coagulated,  and  also  the  tissue  fluid  passing  out  from  the  open  connective 
tissiie  spaces,  act  as  chemical  substances  vr'hich  produce  pain,  circulatory 
disturbance,  alteration  in  the  wall  of  the  vessel,  exudation  and  emigration  of 
leucocytes,  and  also  attract  the  leucocytes  to  the  surface  of  the  wound  by 
chemotaxis,  along  the  path  already  taken  by  the  exudation.  This  action  may 
be  subsequently  strengthened  by  the  exudation  which  coagulates  on  the  surface 
of  the  wound. 
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IX.  Pathological  TransmdaMons  and  Exudations 

Within  the  tissues  and  cavities  of  the  human  body  nlnnjnuHl  (niuntnls  of 
fluid  sometimes  accumulate,  which  differ  from  blood  in  their  liistological  aiid 
chemical  composition,  although  they  are  composed  almost  exclusively  of  its 
constituents.  These  are  spoken  of  as  jMitludogiml  transnduimis  and  exmlatum&f 
when  the  specific  function  of  the  glands  and  various  secreting  epithelia  takes 
little  or  no  share  in  their  formatioiu 

Transudations  and  exudations  were  at  first  distinguished  according  to  the 
character  of  the  fluid.  Clear  fluids  of  low  specific  gi'a\nty  and  only  slightly 
albuminous  were  regarded  as  transudations.  Turbid,  highly  albuminous  Huids 
of  high  specific  gravity  and,  as  a  rule,  containing  fibrin  were  generally  called 
exudations.  Exudations  were,  at  that  time,  regarded  as  the  result  of  an 
intlammation.  Cohnheira  inferred  from  the  highly  albuminous  character  of  the 
exudation  that  the  condition  of  the  vessel  wall  was  abnormal,  and,  on  this 
inference  partly,  founded  the  doctrine :  wh^fTt  their  h^  injlannuaiion  ikcre  is 
aUerntion  of  the  Vf:ssel  wall ;  where  tfiere  is  {ilieraiion  of  the  vrssd  widl  there  is  «'»- 
flamnudion. 

A  very  simple  distinction  is  thus  obtained  ;  transudations  are  fluids  which 
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pass  from  the  blood  into  the  tissues  through  the  normal  vessel  wall,  and 
exudations  are  fluids  which  pass  from  the  hlood  into  the  tissues  through  an 
abnormally  permeable  vessel  wall.  This  distinction,  however,  is  no  more 
applicable  to  all  cases  than  was  fclie  first. 


Under  normal  circumstances  part  of  the  fluid  constituents  of  the  blood  pass 
through  the  vessel  wall  t^  the  tissue,  this  process  being  termed  transudation. 
The  vessel  wall  permits  both  of  diffusion  and  of  filtration.  In  the  intro- 
duction to  the  local  circulatory  disturbances  it  was  pointed  out,  on  the 
strength  of  the  researches  of  F.  A.  Hoffmaim,  that  the  processes  of  filtmtion 
considerably  predominated,  as  regards  the  albuminous  constituents  of  the  blood 
at  least.  From  the  works  of  C.  Schmidt,  Nannyn,  Hoppe-Scyler  and  Heuss  it 
may  be  seen  that  the  walla  of  the  capillaries  in  dilferent  areas  show  different 
degrees  of  permeability.  The  transudations  into  the  cerebral  ventricles  contain, 
as  a  rule,  very  little  albumen  (1-44  per  cent).  Those  of  the  subcutaneous 
cellular  tissue  (5'79  per  cent),  the  peritoneum  (11  "14  per  cent),  and  the  plenra 
(18 "33  per  cent)  are^  in  an  ascending  scale,  more  highly  albuminous  as  a  rule 
(Reuss). 

The  process  of  transudation  is  dependent  upon  the  pn-ssure  of  the  bloody  the 
(miptjififmi  of  thr  hJfml,  tfful  thr  mwliiwn  of  th-  vcssd  wnll. 

Slight  increase  in  the  blood -pressure  of  a  vascular  territory,  such  as  is 
produced  by  dilatation  of  the  afferent  arteries  after  section  of  a  nerve,  has 
apparently  no  demonstrable  influence  on  the  formation  of  lymph,  provided  that 
the  conditions  are  otherwise  normal  (Pascbutin,  Emminghaus).  This  result 
cannot  be  surprising  if  it  is  considered  that  the  vessel  wall  is  made  up  of  cells 
which  undoubtedly  may  have  a  certain  influence  on  the  process  of  transudation, 
independent,  within  certain  limits,  of  the  blood-pressure.  This  has  been  recently 
jjroved  in  detail  by  the  very  accurate  exi>er[nients  of  lleidenhain. 

The  rise  in  pressure  in  the  vessels  wliich  takes  place  after  hgaturo  of  the 
most  important  or  all  the  eflerent  veins  from  any  area,  is  always  more  consider- 
able than  after  nerve  section.  Lower  observed  the  occurrence  of  a^dema  after 
ligature  of  veins.  Emminghuus  and  Kanvicr  have  made  more  accurate  observa- 
tions on  this  subject.  According  to  them,  even  moderate  degrees  of  venous 
congestion  cause  an  increase  in  the  formation  of  IjTnph,  and  thus  an  increase  of 
transudation.  The  process  of  transudation  thus  undergoes  a  double  increase 
when  the  ner\'es  of  the  congested  area  are  also  divided,  so  as  to  allow  a  greater 
influx  of  blood  into  the  capillaries  and  thus  increase  the  pressure  within  them.  An 
accumulation  of  clear  fluid  then  takes  place,  as  a  rule,  in  the  tissues  of  the  area 
of  congestion,  so  that  these  become  gelatinous  in  appearance,  ctmgedke  mkrna. 

It  may  Ije  assumed,  therefore,  ihnt  the  pemnxdnHhj  of  tht:  vtsiit'l  wall  u^  nlirred 
by  $ndi  <jr<:at  immise  of  pre.'isure  (Emminghaus).  If  cannulic  are  inserted  into 
the  lymph-vessels  of  an  extremity,  and  the  veins  then  ligatured,  an  increase  in 
the  flow  of  lymph  is  observed.  This  attains  its  maximum  only  aft«r  a  consider- 
able time.  If  the  h'gature  be  loosened,  after  the  congestion  has  lasted  for  an 
hour  or  longer,  the  increase  in  the  flow  of  lymph  disappears  very  slowly,  in  one- 
half  to  three  hours.  This  phenomenon  is  partly  due  to  the  fact  that,  during 
venous  congestion,  great  quantities  of  fluid  accumulate  in  the  tissues,  and  are 
only  gradually  evacuated.  It  may  happen,  however,  that  the  maximum  flow 
of  lymph  only  appears  after  the  ligjitures  are  loosened.  This  result  can  only 
be  interpreted  as  indicating  an  increase  of  the  permeability  of  the  vessel  wall. 

In  these  experiments  the  composition  of  the  lymph  is  changed.     The  lynij^h 
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in  tv»w?<.s  otuffcMion  his  more  Wfitrr  than  vojimil  b/mph.  This  fact,  wliich  is  con- 
firmed by  Lassar,  depends  ujjoti  the  local  rise  of  jiressure  caused  by  the  con- 
gestion. Runelierg  has  shown,  at  least,  that  in  artificial  filtration  of  a  solution 
of  albumen  through  animal  membranes  (intestine,  pleura,  nreter  of  sheep),  or 
through  thin  layers  of  caoutchouc,  the  percentage  of  albumen  in  the  filtrate  was 
diminished  as  the  filtration  presf5uro  rose  ;  while,  at  the  same  time,  the  quantity 
of  the  filtrate  which  passed  through  the  filter  in  a  certain  time  was  increaBed, 

The  results  of  experiment  show  tliat  it  is  comparatively  difficult  to  produce 
congestive  oedema  in  animals.  After  ligature  of  the  principal  vein  of  an 
extremity,  collateral  eflerent  vessels  are  found  for  the  bloorl,  which,  althou^'h 
they  do  not  completely  remove  the  congestion,  render  it  comparatively  slight. 
The  rise  of  pressure  in  the  vessels  in  the  area  of  congestion  is  therefore  also 
corapamtively slight,  and  the  increased  transudation  which  appears  only  reinforces 
the  lymph-stream.  The  lymi>h-vessels,  as  a  rule,  sufBce  to  carry  away  most  of 
the  lymph  formed.  CE<lema  can  only  be  produced  with  certainty  in  animals 
after  ligature  of  the  veins  of  the  leg,  when  the  principal  nerves  of  the  extremity 
are  also  divided  and  the  arteries  thus  dilated.  The  same  result  is  also  obsen'ed 
when  there  are  no  large  collateral  venous  channels,  or  when  all  the  eflerent 
veins  of  an  extremity  slvq  occluded.  The  ligature  m  miissa  of  whole 
extremities  leads  to  a?dema,  cither  when  the  artery  is  not  included  in  the 
ligature,  or  when  the  ligature  is  so  loosely  tied  that  it  blocks  the  veins  and 
lymph -vessels,  but  not  the  arteries  (Ludwig  and  Tomsa,  J.  -Aj-nold,  Sotnis- 
chewsky).  On  the  other  hanrl,  the  ligature  of  any  of  the  main  lymph- vessels 
has  no  eflect  as  far  as  can  be  seen  with  the  naked  eye,  l^ecause  the  lymph  finds 
easy  exit  by  very  small  collateral  channels  and  by  the  tissue  spaces. 

The  production  of  well-marked  anlema  is  frequently  observed  in  man  in 
venous  congestion,  even  of  a  trifling  nature.  The  diseases  of  the  vascular 
system,  which  are  so  common  in  man,  are  obvionsly  partly  responsible  for  this. 
Ai-teriosclerosis  is  due  to  weakening  of  the  muscular  coat  of  the  arteries,  which 
are  consequently  unable  to  contract  in  normal  fashion  if  the  blood-stream  is 
slowed  from  congestion.  The  result  is  therefore  similar  to  that  observed  in 
animals,  when  section  of  the  nerves  is  added  to  ligature  of  the  veins.  The 
capillaries  also  frequently  appear  to  be  disejised,  so  that  slight  congestion  allows 
the  passage  of  great  quantities  of  transudation  through  the  abnormally  perme- 
able vessel  walls.  The  action  of  increase  in  pressure  will,  in  such  cases,  be 
combined  with  the  conse<|uence8  of  disease  of  the  capillary  wall.  This  will  be 
more  fully  examined  afterwards. 

Before  doing  so,  the  influence  of  the  compodiwn  of  the  bloofi.,  as  regards  the 
process  of  transudation,  must  be  explained.  The  whole  theory  of  hyiramk  odenia 
arose  from  the  supposition  that  an  increase  in  the  watery  constituents  of  the 
blooil  or  a  decrease  of  the  albuminous  contents  could  jjrotluce  <i*dema.  This 
could  not  be  experimentally  demon.strated,  however.  If  the  watery  constituents 
of  the  blood  were  increased  by  injection  of  warm  water  into  the  veins,  for  in- 
stance, a  point  was  very  soon  reached  at  which  the  red  blood  corpuscles  began  to 
dissolve.  The  haemoglobin  of  the  cells  passed  out  into  the  blood  plasma  ajid  was 
partly  excreted  by  the  kidneys,  causing  luimofjUjitiurM  and  methitrinnjhihinuritr. 
That  such  changes  are  not  the  essential  causes  of  hydra-mic  nxlema  is  certain. 
Cohnheim  and  Lichtheim  injected  a  "G  to  '75  per  cent  salt  solution  into  the 
blood-vessels  of  an  animal,  so  that  solution  of  red  blood  corpuscles  was 
avoided.  As  long  as  the  quantity  of  fluid  injected  is  not  great,  however,  no 
further  disturbances  appear.  The  blood  system  accommodates  itself  to  the 
increased  volume  of  blood  without  difficulty,     (Edema  only  occurs  when  the 
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weight  of  tte  salt  solution  introduced  into  the  Wood  exceeds  10  per  cent  of 
the  body  weight  (Salvioli).  This  u'dcma,  however,  does  not  affect  the  skin 
and  serous  cavities  as  dDes  the  supposed  hydiTcmic  <vdenia  of  man,  but  rather 
selects  the  loose  cellular  tissue  of  the  salivary  glands  and  pancreas,  and  the 
highly  glandular  mucous  memhranes  of  the  stomach,  the  intestine,  and  similar 
situations.  Since  not  only  the  kidney  hut  other  glands  also  begin  to  secrete 
very  actively  after  such  infusion  of  dilute  salt  solution  mto  the  blood,  this  (»'deina 
may  accordingly  be  attributed  to  the  specific  function  of  these  glands,  but  is 
of  no  value  for  the  explanation  of  hydnemic  cftdema  of  the  skin  and  serous 
cavities  in  man.  In  these  experiments,  it  is  true,  a  slight  accumulation  of  tiuid 
is,  as  a  rule,  observed  in  the  aVjdomitiul  cavity,  in  the  cellular  tissue,  and  in  the 
connective  tissue  which  accompanies  the  vessels  and  nerve-trunks.  Dembowsky, 
who  repeated  these  experiments  under  ray  euperintundeoce,  succeeded  in  show- 
ing that  a  considerable  rise  of  blood -pressure  took  place  in  the  veins,  so  that, 
in  any  case,  the  effect  of  venous  congestion  is  combined  with  the  alteration  in 
the  comjiosition  of  the  blood.  Under  such  circumstances  it  is  easily  explained 
how  Jankowski  ami  Dembowsky  were  able  to  demonstrate  a  further  increase 
of  the  OBilema,  when  the  nerves  were  cut  through  at  the  same  time. 

To  remove  all  these  sources  of  error.  Dembowsky  modified  the  experiment 
by  rejieatedly  withdrawing  blood  from  the  carotid  of  the  animal,  and,  after 
each  withdrawal,  infusing  the  same  <|uantity  of  '6  per  cent  salt  solution.  The 
total  tjtiantity  of  the  fluid  circulating  in  the  animal's  body  was  therefore 
unaltered,  although  the  blood  was  at  last  almost  half  replaced  by  salt  solution. 
No  oedema  occuiTed,  Cohnheim  and  Lichtheim  made  similar  experiments  with 
similar  results.  It  may  therefore  be  stated  that  mere  hi^^iilbumimsis 
((iimination  of  the  albitmifioiLS  ayjitenis  of  (he  hlood)  producers  no  mlema. 

On  the  other  hand,  the  investigations  of  F.  A.  Hoffmann  show  that  the 
(tnUfiuU  of  alhujimi  in  Ih:  trniiMuftitiifn  <fUas  in  an  ttliiux<(i  diifd  ratio  tcith  the  idteadi^/n 
of  the  anuwnt  of  aUmmfm  in  the  bhwl  pliLwrn,  The  transudations  have  always  less 
albumen  and  salts  than  the  blood  plasma ;  their  albumen  and  salts  are  there- 
fore dependent  upon  those  of  the  blood. 

The  third  factor  which  governs  the  passage  of  the  fluids  of  the  blood  into 
the  tissue  is  the  v('.«d  wnll.  This  membrane,  formed  of  li\'ing  cells,  as  was 
already  mentioned,  allows  fluids  to  diffuse  and  filter  through  it.  In  its  turn, 
however,  it  influences  the  process  of  tnmsudation.  This  can  be  seen  from  the 
fact  that  no  result  follows  trifling  alterations  in  pressure  in  the  blood  (Paschutin, 
Emrainghaus).  The  experiments  of  Heidenhain  also,  as  well  as  my  investiga- 
tions concerning  the  origin  and  growth  of  the  blood -channels  which  have  already 
been  mentioned,  make  it  probable  that  the  endothelial  cells  of  the  vessel  wall 
have  the  properties  of  secreting  cells,  whose  secretion  j^isses  partly  to  the 
tissue  and  partly  to  the  lumen  of  the  vessel. 

Changes  in  the  condition  of  this  membrane,  alteration  of  the  vessel  wall, 
implying  increase  of  its  ijerraeability,  were  first  demonstrated  hy  Ck>huheim 
and  assigned  as  the  cause  of  acute  and  chronic  inflammation.  The  experiments 
ill  hydremic  u-dema  afterwards  led  Cohnheim  and  Lichtheim  to  the  supposition 
that  hydni?mic  a-^dema,  in  man,  was  also  the  result  of  a  pathological  increase  in 
the  permeability  of  the  vessel  wall.  Cohnheim  also  pointed  out,  in  his  general 
pathology,  that  accumulations  of  clear  fluid  were  .sometimes  met  with  in  the 
one  pleural  cavity,  while  the  other  pleural  cavity  was  empty.  Since  congestion 
is  excluded  in  such  cases  by  the  fact  that  both  pleural  cavities  have  their  walls 
supplied  by  blood  flowing  from  the  same  heart,  and  are  therefore  under 
identical  conditions,  it  must  be  granted  that  Cohnheim  was  right  when  he 
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souglit  the  cause  of  this  unilateral  serous  effusion  in  an  abnormal  condition  of 
the  vessel  walls. 

This  observation,  which  I  liavo  also  repeatedly  nuitle,  acquires  much  greater 
importance,  when  it  is  considered  that  it  is  «|uite  eommon  to  find  an  imoqual 
volume  of  serous  effusion  in  the  right  and  left  pleural  cavities,  and  that,  very 
frequently,  the  difference  is  so  great  that  it  cannot  easily  be  overlooked.  If 
there  is  any  congestion,  it  must,  in  nearly  all  cases,  be  the  same  in  the  vessels 
of  Iwth  pleui-al  membranes,  and  the  blood  which  the  heart  sends  to  the  two 
pleunJ  membranes  is  of  exactly  the  same  composition.  It  is  only  when  the 
limgs  are  diseased  that  there  is  any  difference  in  the  amount  of  blood  that 
reaches  the  pleura^  because  the  capillary  ramifications  of  the  pulmonary  arteries 
are  frequently  connected  with  the  capillaries  of  the  pleura.  If  such  and  other 
similar  complicationa  are  disregarde^l,  the  unequal  acctimidation  of  fluid  in  the 
two  pleural  cavities  is  proof  of  a  difference  in  the  condition  of  their  capillary 
walls. 

From  these  data  it  still  remains  doubtful,  however,  whether  the  difference 
in  the  condition  of  the  two  pleural  membranes  is  the  result  of  a  general  disease 
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of  the  vascular  system.  It  must  be  remembered  that  the  pleural  membranes 
are  very  frequently  the  seat  of  unilateral  local  diseases  wliich  pass  off,  more  or 
less,  without  a  trace,  but  which  may,  however,  have  occasioned  the  difference 
in  the  condition  of  the  capillary  walls.  In  a  great  numlier  of  cadavera  I  have 
therefore  injected  carefully  filtered  salt  solution  (75  per  cent)  at  a  constant 
pressure  of  IG  cm.  Hg  mU:>  the  femoral  arteries  and  traced  the  course  of  the 
injection,  timing  it  also.  Many  differences  in  the  course  of  this  artificial 
circulation  were  observed.  Many  of  these  differences  were  difficult  to  interpret 
correctly,  because  the  presence  of  pod-morttm  coagula  in  the  arteries  might 
have  interfered  with  the  injection.  Even  although  we  may  withdraw  a  long 
coagulum  from  the  open  femoral  artery  before  inserting  the  cannula,  we  have 
no  guarantee  that  all  the  coagula  have  been  removed.  On  the  contrary, 
such  coagula  are  nearly  always  present,  even  when  the  large  arteries  prove  to 
l>e  free  when  they  are  examined  sulisequently.  The  remains  of  the  coagula 
are  generally  forced  into  the  small  arteries  in  such  experiments,  where  they 
may  escape  observation  if  they  are  not  very  numerous. 

It  could  not  therefore  be  always  assumed  that  all  the  vascular  system  of 
the  extremity  was  uniformly  injected.     lu  the  greater  part  of  the  vascular 
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^^^^V                                            ARTERIOSCLEROSIS                                                                       ^H 

^1          system,  however,  the  injection  was  certainly  uniform.     A  difference  in  the  be-                      ^^| 

^H           haviour  of  the  stream  was  observed,  however,  which  is  independent   of   the                       ^^| 

^B           question  whether  all  the  branches  of  the  vessels  were  acted  upon  by  the  stream                       ^^| 

^H          of  fluid.     In  young  individuals  whose  vessels  are  healthy,  it  appears  that  the                       ^^H 

^^^K     rapidity  of  the  stream  of  the  salt  solution  diminiahed  very  slowly  and  gradually,                       ^^H 

^^^H     80  that  the  tissues  only  became  imlematous  after  a  long  time.     If,  on  the  other                       ^^H 

^^^H     hand,  arterioscterottc  changes  were  present^  the  stream,  as  a  rule,  very  soon                       ^^H 

^^^V     became  slow  and  the  leg  swelled  up  in  a  very  short  time.                                                           ^^| 

ExpcriineM  a. 

Ex-petinutU  b.                                         ^^H 

Normal   vessels,  no  oudema 

Great  arteriosclerosis.    Con-                         ^^H 

before   the   beginning  of  the 

tracted  kidney.    Hyp«rtropliy                          ^^H 

experiment. 

of      the      left     ventrlclQ     of                           ^^^| 

Tab«rcaloBis  of  the  lungs. 

the   heart.     Cortical  sclerosis                          ^^H 

Great    emaciation.      Man, 

of  the  brain.     No  O'denia  Ite-                       ^^^H 

thirty-one  years  old. 

fore     the    beginning    of    the                    ^^^^H 

^^^^         Time  reqaired  for  the  injec- 

experiment.   Great  emaciation.                    ^^^^H 

^           tion  of  1  litre  normal  salt  sola- 

Man,  sixty  years  old.                                       ^^^H 

^H             tion  into  the  femoral  artery 

41  seconds    .... 

131  seconds.                                                       ^^^| 

^H             For  2  litres     .... 

86       „ 

^H 

^^k                          

35       ,, 

^H 

^^h 

39       ,,         .                   .         . 

Great    luiirorm   ni:dL^mu,  of                          ^^^| 
the   whole   of   the    lower  «x-                          ^^H 
tremity,  with  the  excoplion  of                         ^^H 
the  upfier  third  of  the  thigh.                            ^^H 

^                       ^  1      d       f  ^ 

44       „                   .         .         . 

519  secondi)                                                        ^^^H 

^M 

48 

^M 

■ 

53       „                                     . 

^^M 

^^1 

57       „         . 

^^1 

^1                

69 

^^H 

^^^ 

80       ,.                 .         .        . 
Great  tirdem^  of  the  leg  and 
foot. 

1 

^^^ 

91  seconds    .... 

^^1 

B_ 

107 

^^1 

^^K                

125       „         ...        , 
(Edema  of  thigh. 

H 

^r 

134  seconds    .... 

^^ 

■_      

162       „         ...         . 

J 

^M      

179 

^^H 

^^^^«17 

1&2 

Great  oedema  of  the  whole 
lower  limb  with  the  exception 
of  the  upi>er  part  of  the  thigh. 

3 

^^^^              The  apparmtna  made  uae  of  is  aa  aimplo  aa  it  b  convenient,  and  aince  it  ia  exceedingly  well                         ^^H 

^^M            adapted  for  the  injection  of  large  parts  of  the  cadarera  aa  well  as  the  entire  cadaver,  it  may  be                        ^^H 

^H             briefly  described.                                                                                                                                                          ^^H 

^H                   Aa  shown  in  Fig.  230,  it  consists  of  a  small  air-pump  A,  wiLk  on  o&cillating  oyliudor  ivluch                         ^^H 

^^^^       can  be  screwed  on  to  the  tabic.     This  forces  air  into  the  reacrvuir  B^  wkicli  is  made  of  zinc                         ^^H 

^^^^H       and  firovided  with  a  mercurial  mauometer  V,  and  has  a  ca[)actty  of  60  litrt'^j.     From  here  the                         ^^| 

^^^^B       air  passes  into  the  bottle  Z>,  auil  forces  the  iDJocting  fluid,  contained  in  thi&,  into  tho  cannula  E,                       ^^^^ 

^^^H       which  ia  fixed  into  the  blood-vessel.     For  the  iDJection  of  the  entire  boily  the  vessel  must                   ^^^^| 

^^^H       contain  30  to  50  litres.     For  these  experiments  it  was  smaller.     It  cont4tned  17  litres  of  salt                   ^^^^| 

^^^H      solution,  and  was  provided  with  a  scale  which  allowed  the  litres  to  be  rood  oE     The  time                        ^^| 
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required  for  tlie  injection  of  each  litre  of  fluid  could  tliua  be  determined  by  the  wcond  hand  of  « 
WAtch.     For  two  experiu^nts  which  serve  as  examples,  see  p.  349. 


These  and  other  experiments  show  that  when  arteriosclerosis  is  present,  the 
salt  sohition  has  to  overcome  much  greater  frictional  resistamce  in  the  arteries 
of  the  lower  extremities,  altliough  investigation  showed  that  these  sclerotic 
arteries  were  not  gieatly  narrowed.  It  was  specially  observed  that,  in 
experiment  «,  the  leg  was  markedly  oedematous  after  injection  of  17 
litres  of  '75  per  cent  salt  solution,  while  in  experiment  h  a  high  degree  of 
uniform  redema  occurred,  reaching  from  the  toes  to  the  upper  third  of  the 
tiiigb,  after  the  injection  of  only  4  litres.  The  femoral  veins,  in  both  cases, 
were  opened  widely  and  freed  from  blood  coagula  by  preasiu'e,  as  also  were 
the  arteries,  so  that  the  injected  fluid  might  ilow  away  freely.  It  may  be 
concluded  from  such  experimental  that  changes  in  the  permeability  of  the 
capillary  walla  are  also  present  in  arteriosclerosis. 

This  increase  in  the  permeability  of  the  capillary  wall  is  not  equally 
distinctly  marked  in  all  eases  of  arteriosclerosis,  just  as  this  general  disease 
of  the  vascular  system  seldom  or  never  develops  to  an  equal  degree  in  every 
individual  vascular  area.  The  disease,  moreover,  extends  to  the  veins,  and 
produces  in  them  changes  similar  to  those  in  the  arteries  {j>hlcbos<ltrads\  so 
that  the  terra  nngiosclerosis  seems  to  be  the  correct  name  for  the  whole  disease. 

Angiosclerosis,  however,  is  not  due  to  one  cause  alone,  but  is  an  anatomical 
and  functional  disturbance  produced  by  very  numerous  etiological  factors, 
by  intoxications  and  infections,  and  by  many  other  metabolic  disturbances 
which  affect  the  vessel  wall.  The  abnormally  great  permeahOity  of  the  vessel 
wall  which  occurs  is  indicated  in  the  living  body — 

(1)  By  the  appearance  of  oedema  from  slight  venous  congestion. 

(2)  By  the  development  of  (edemas  without  any  previous  signs  of  congestion. 
These  forms  embrace  the  majority  of  the  so-called  hydnemic  n'demas.     In 

many  ca.ses  they  arc  directly  coimected  with  angiosclerosis,  and  nni}"  then  be 
termed  atufU'srlrroUt:  u'lknia.  In  other  cases  this  connection  is  not  so  easily 
made  out.  When  a  child  falls  ill  with  scarlet  fever,  ledema  of  the  subcutaneous 
celhdar  tis.stie  and  the  serous  cavities  frequently  appears  sooner  or  later. 
Associated  with  this,  before  or  after  the  development  of  the  Ofdema  of  the 
skin  and  serous  cavities,  there  is  disease  of  the  kidneys,  as  a  result  of 
which  the  urine  becomes  albuminous.  Under  these  circumstances,  where 
there  is  tio  lucal  congestion,  a  disease  of  the  capillary  walls  in  the  skin,  serous 
membranes  and  kidneys  must  be  assumed  to  exist,  and  this  disease  of  the 
capillary  wall  is  to  be  regarded  as  a  consequence  of  the  action  of  poisonous 
metabolic  products  derived  either  from  the  supposed  amtufjium  vivum  of 
scarlet  fever,  or  from  the  body  itself.  The  connection  with  angiosclerosis 
is  seen,  however,  when  it  is  learned  that,  in  scarlet  fever,  the  walls  of  the 
arteries  and  veins  lose  some  of  their  elasticity,  so  that  the  distended  arteries, 
after  a  few  weeks  or  months,  show  the  new  formation  of  connective  tissue 
in  the  intima  which  constitutes  the  histological  condition  of  arteriosclerosis. 
These  facts  are  just  as  important  for  the  theory  of  angiosclerosis  as  for  that  of 
angiosclerotic  oedema. 

The  researches  of  F.  A.  Hoffmann,  Runeberg,  Neucnkirchen,  and  Lunin 
prove  further  thit  the  fluid  in  amjio^lcfUic  otdrnui  is  churacUiisfd  hj  the  small 
aumntit  of  tilhuim-n  irhich  it  cmUrins  iind  hij  its  hnv  sj^ecific  fjnmii/.  This  is  not  im- 
mediately apparent  in  tlieir  works,  since  they  describe  the  slightly  albuminous 
transudations  of  low  specific  gravity  as  bydrajmic.     Neueukirchen  alone  has 
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raentiotieJ  them  as  trausiidations  in  renal  diseases  (morbus  BrigbLii).  Under 
these  circurastaiices,  there  can  be  no  doubt  that,  in  many  cases,  the  deticiency  of 
albumen  in  the  blood  determined  the  slight  amount  of  albumen  contained  in 
the  transudation.  This  condition  cannot  be  looked  upon  as  the  determining 
cause  in  all  cases,  since  liydntmic  o?dema  also  occurs  when  the  gt^neral  nutrition 
is  good  ;  as,  for  instance,  in  arteriosclerotic  diseases  with  or  without  contracted 
kidneys.  It  must  also  bo  remembered  that,  in  many  cases,  the  relation  between 
the  albumen  of  the  blood  and  of  the  transudation  may  lie  reversed.  The 
albumen  contained  in  the  blood  diminishes  as  a  consequence  of  the  great 
removal  of  albuminous  fluids  from  it  It  ia  true  that  experience  shows  that 
the  amount  of  albnmen  in  transudations  diminishes  when  other  factors  reduce 
the  albumen  in  tlie  blood.  It  shows,  however,  that  the  albumens  contained 
in  the  blood  also  diminish  when  great  quantities  of  tmnsuded  fluids  are 
removed  in  rapid  succession,  from  the  peritoneal  cavit3r,  for  instance.  In  these 
cases  fresh  effusions  of  fluid  very  rapidly  form  in  the  abdominal  cavity  and 
withdraw  albumen  from  the  blood. 

In  the  case  of  chronic  renal  or  Bright's  disease  observed  by  Neuenkirchen 
the  following  conditions  were  present : — the  blood  lost  albumen  through  the 
renal  vessels,  and,  when  ii^dema  occurred,  through  the  walla  of  other  capillaries 
also,  while  the  excretion  of  water  through  the  kidneys  was  diminished.  The 
diminution  of  the  amount  of  water  secreted  by  the  kidneys  is  not  sntficient  in 
itself,  as  experience  shows,  to  produce  oedema.  It  is  only  when^  at  the  same 
time,  the  capillary  walls  show  abnormal  permeability  that,  as  may  !>o  easily 
understood,  the  formation  of  cedema  is  favoured  to  a  very  great  degree ;  aa, 
vicjf.  vtTSid.^  the  cedema  is  reduced  when  the  secretion  of  the  kidney  is  again 
restored  by  suitable  drugs  and  other  measures,  and  water  is  withdrawn  either 
by  the  skin  or  by  the  intestinal  mucous  membrane.  These  are  the  results 
which  have  always  made  the  term  hydnemic  a*dema  seem  specially  applicable. 
It  is  not  the  amount  of  water  or  the  deficiency  of  albumen  in  the  blood,  how- 
ever which  produces  the  condition,  but,  undoubtedly^,  the  abnormal  condition 
of  the  capillary  wall.  Since  the  change  in  the  capillary  wall  is  combined  with 
more  or  less  marked  histological  changes  in  tlie  arteries  and  veins,  when  the 
diseiise  has  lasted  long  enough,  it  may  be  said  that  the  dejkitnaj  of  ullmmen 
and  the  pronounced  watery  mnditioti  of  ike  fdmd  cannvt  h  rajmdtd.  as  the  muse  of 
the  redtina^  if  this  change  also  diminishfs  iht  amvunl  of  albunuin  in  the  fluul  of 
adenuu  which  are  due  to  other  cames.  The.  so-called  hi/dnemie  wdema  appears  as 
tfie  result  of  disexim  of  the  mpillanj  walis  which  iufrrases  their  peniwahiliit/f  and  is 
it.<elf  associafcd  with  ovgioaclerosis,  Angiosclrroiic  oedema,  however^  is  didingui.^hed 
by  the  smnll  amount  of  albumen  roniaived  in  the  travsuded  Jhiid,  ami  is,  in  many 
cases,  rotohint'd  with  hi/ifnrmin. 

If  hydnemia  arises,  it  is  partly  due  to  the  loss  of  albumen  from  the  biood 
which  occurs  during  transudation.  Too  nuich  importance  must  not  be  attri- 
buted to  this  loss  of  albumen,  however.  As  a  rule,  hydra?mia  indicates  grave 
disturbance  of  metabolism,  which,  at  one  and  the  same  time,  occasions  the 
abnormal  permeability  of  the  capillary  wall  and  gives  rise  to  angiosclerosis 
with  or  without  disease  of  the  kidneys  anil  other  organs.  A  final  judgment 
as  to  angiosclerotic  fudema  is  at  present  premature.  A  decision  coulcl  only  be 
arrived  at  after  extensive,  combined  clinical  and  pathological  investigations. 
The  number  of  ti-ansudations  which  have  been  chemically  examined  is  very 
considerable  even  at  present,  but,  as  a  rule,  there  are  no  complete  clinical  and 
pathological  details  connected  with  them.  A  chemical  examination  of  the 
blood  or  the  blood  plasma  has  often  been  omitted.     This  is  quite  explicable, 


352 


EXUDA  TIONS 


gince  the  withdrawal  of  large  quantities  of  blood  ia  not  always  permissible 
in  serious  illness.  The  capillary  picnometer  which  I  have  constructed,  and 
which  htis  been  already  mentionerj,  may  perhaps  be  of  some  help  here,  if  an 
accurate  estimation  is  desired.  The  specific  weight  of  the  blood  serum  might 
yield  some  information  as  regards  the  most  importiint  points,  if  it  were 
ascertained  more  frequently  in  the  courso  of  disease  and  compared  with  the 
specific  gravity  of  the  transudation.  Reuas,  at  least,  has  shown,  as  regards 
the  latter,  that  the  specific  gravity  of  the  fluid  gives  a  fairly  accurate  indication 
of  the  amount  of  albumen  contained  in  it. 

Pathological  transudations  always  contain  red  and  white  blood  corpuscles, 
as  was  shown  by  A.  Quincke.  Transudations  into  the  serous  cavities  contain, 
in  addition  to  these,  desquamated  endotheh'al  cells.  In  some  cases  the  contents 
of  ruptured  chyle  vessels  are  discharged  into  the  abdominal  cavity  and  become 
mingled  with  the  transudation  already  present  there  {chi/lous  ascites).  The 
transudations  are,  otherwise,  clear  fluids  of  low  specific  gravity,  containing 
very  little  albumen  and  little  or  no  fibrin,  althuugh  they  may  contain  great 
quantities  of  one  of  the  consLitucnta  of  fibiin,  the  paraglobulin,  or  fibrino- 
plastin  (A.  Schmidt). 

If  the  transudations  arc  formed  in  such  quantities  that  the  lymph-vessels 
no  longer  suffice  to  drain  oft'  the  transuded  fluid  from  the  tissues  into  the  blood, 
Ot'demt  or  dnypstj  occurs.  According  to  the  results  which  have  just  been  arrived 
at,  two  forms  may  be  distinguished — amrjc^tive  drojfst/  and  inufmsderfAir  dropsy. 
According  to  the  situation  of  the  accumulations  of  fluid,  the  following  terms 
are  applied: — Jiydrop^  universalis  (general  o^lema) ;  aiuimira  (tedema  of  the  skin 
of  the  subcutaneous  and  intermuscular  cellular  tissues) ;  amU's  (collection  of 
fluid  in  tlie  peritoneal  cavity) ;  htjdrothftrnx  (accumulation  of  fiuid  in  the  pleural 
Baca);  hi/dropaifitrditun  (dropsy  of  the  pericardium). 

Exudaiion^  are,  as  a  rule,  easily  distinguished  from  transudations,  even  on 
simple  inspection,  and  it  was  these  superficial  differences  that  originally  led 
to  their  being  distinguished  The  exudations  are,  for  the  most  part,  turbid 
fluids  of  high  specific  gravity,  containing  much  albumen  and  a  varpng 
quantity  of  fibrin,  and  frequently  stained  with  blood.  Many  fluids,  however, 
which  must,  according  to  tlieu'  cause,  undoubtedly  be  regarded  as  exudations, 
are  exceptionally  clear  and  transparent.  It  also  appears  sometimes  that  an 
exudation  loses  much  of  it«  albumen  when  the  blood  of  the  patient  becomes 
hydnemic.  The  appearance  of  the  exudation  certainly  gives  general  points 
of  distinction  from  transudation,  but  none  which  are  reliable  in  all  individual 
cases  and  which  might  sei-ve  as  a  reason  for  the  distinction. 

Cohuheira  and  Lassar  have  concluded,  from  the  great  amount  of  albumen 
which  usually  characterises  the  exudations,  that  an  abnormal  permeability  of 
the  vessel  wall  is  the  cause  of  the  difference  existing  between  exudation  and 
transudation.  Exudation  was  supposed  to  bo  the  product  of  an  inflammation, 
and  the  presence  of  the  inflammation  was  seen  in  the  abnormal  permeability 
of  the  vessel  wall.  These  views  have  found  general  and  widespread  acceptance. 
Examined  more  closely,  it  will  be  found  that  the  first  conclusion  is  certainly 
justified.  The  greater  portion  of  the  exudation  proceeds  from  the  blood,  and 
the  large  quantity  of  albumen  it  contains  is  proof  of  the  abnormally  increased 
permeability  of  the  vessel  wall. 

Abnormal  permeability  of  the  vessel  wall,  however,  also  develops  in 
consequence  of  venous  congestion,  which  no  one,  at  present,  attributes  to 
inflammation.  In  the  same  way  we  are  forced  to  regard  angiosclerotic  oedema 
as  a  consequence  of  abnormal  permeability  of  the  vessel  wall.     Cohnheim,  whom 
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this  fact  had  not  escapeil,  was  inclined,  therefore,  to  regard  the  so-called 
Ijydra'mic  a^dema  aa  the  result  of  chrauic  serous  inflammation.  On  thia  point, 
however,  clinical  observers  refused  to  agree  with  him,  and  sjvoke,  as  before,  of 
hydn^mic  ft^demas.  In  any  case,  it  must  be  })ointed  out  that  iht  alfeifitijm  nf 
Ike  vrs'ifi  Willi  ichirh  niiist.',<<  nnijvmiri'ot'w  irdeina  is  distimt  from  tUnl  which  mitstts 
ijcml<ition.  The  fluid  in  angiosclerotic  oi'dema  is  of  low  eijecific  gravity  and  has 
little  albumen  ;  exudations  are  of  high  specific  gravity  and  liave  niuch  albumen. 
In  defining  exudation,  therefore,  we  cannot  accept  without  qualification  the 
alteration  of  the  vessel  wall  as  the  essential  factor. 

Chemical  examination  had  shoi^^i  that  transudations  contain  the  same  con- 
stituents as  the  blood,  hut  in  different  proportioni*.  The  transudation  is  mainly 
derived  from  the  blood,  the  changes  in  its  chemical  composition  being  but 
slightly  afllectcd  by  the  metabolism  of  the  tissues.  The  constituents  of  exuda- 
tions are  derived  mainly  from  the  blood.  Associated  with  thera,  however, 
other  chemical  bodies  are  found  which  are  small  in  quantity,  indeed,  but 
whose  action  is  of  great  importance.  These  may  be  foxir  niihHhno'.^.  Injection 
of  alcoholic  tincture  of  iodine,  diluted  with  water,  gives  rise  t<j  exudation  into 
the  serous  cavities.  It  is  mainly^  however,  the  mdalwlic  jtrmhwh  of  fhf'  initho- 
fftiifc  orfff(nisnh%  the  pus -forming  cocci,  tubercle  bacilli,  anthrax  bacilli,  etc., 
which  give  rise  to  exudations.  In  a  few  cases  morbid  meJahoUc  pivduds  of  Iht 
humitn  tuisu{'3  may  be  the  cause  of  exudation.  Carcinomatous  disease  of  the 
peritoneum  frequently  gives  rise  to  exudation  with  secretion  of  turbid,  even 
blood-stained,  very  albuminous  fluids  of  high  specific  gravity  into  the  al>dominal 
cavity.  When  exudation  is  produced  by  mechanical  injuries  it  is  probably  due 
to  some  such  toxic  products.  In  this  case,  also,  chemically  acting  products  of 
disintegration  of  the  tissue  are  fonned,  as  was  explained  in  the  description  of 
emigration.  Finally,  th<'rmal  injufifSj  burning  and  scalding,  are  very  active 
causes  of  exudation,  presumably  also  by  giving  rise  to  chemically  acting  pro- 
ducts of  disintegration. 

Most  substances  which  are  able  to  alter  the  tissues  chemically  give  rise  to 
exudation  if  they  come  into  contact  with  the  tissues,  and  i>roduco  a  greater 
or  less  emigration  of  leucocytes  and  diaj>edesis  of  red  corpuscles.  All  experi- 
ence indicates  tluit  tha  f^udaiimi  k  tfie  mnstiiitaice  of  a  local  chemiml  adkm  on  ihr 
iUvies^  whether  it  be  that  the  poisonous  substance  gains  access  to  the  tissues 
from  without  or  from  the  blood,  or  that  it  is  formed  in  the  tissues  with  or 
without  the  aid  of  pathogenic  microbes.  In  the  chapters  on  Trauma,  Intoxica- 
tions and  Infections,  we  have  discussed  this  mode  of  action  more  fully.  Thr 
tjfmormtd  pfrmmhdity  tf  thr  irsiid  wvr//,  vianifeaU'd ,  as  a  ruh\  hjf  fJw  *jrmi  amount 
of  idhmnen  in  tlie  cxuditfioii.,  ddermintta  thr  mmposituni  <f  the  vxndidio)*^  and  this 
abnormal  pmiimbiUlif  is  iiddf  due  tit  iiu^  lond  clieiniml  twiioiL 

Accordiufi  to  ilw^e  t'itw.t,  txiulaiion  must  he  rcgardfd  iu<i  a  fluid  dcrivfd  fram  tlie 
bloatl,  aiul  formfd  in  wnsfqitrnei'  of  ih«  local  adum  of  ch^mimUtj  ndi:uj  suhsfiiuirs 
hidf  iiurcof!/'  tlis  pcrmruhditt/  of  Ihr  vtssd  umli. 

Even  when  an  exudation  is  found  to  be  very  deficient  in  albumen,  owing 
to  want  of  albumen  in  the  blood,  or  under  other  special  circumstances,  this 
definition  still  holds  good,  It  shows  at  once  the  close  relation  existing  between 
the  exudations  and  angiosclerotic  rodemas.  Both  diseases  may  be  referred  to 
alterations  in  the  condition  of  the  capillary  wall.  It  niay  be  almost  assumed, 
even  with  regard  to  many  angiosclerotic  cedemas,  that  abnormal,  chemical, 
metabolic  products  of  the  body  or  of  the  pathogenic  microbes  are  concerned 
in  the  alteration  of  the  permeability  of  the  capillary  wall.  Nevertheless, 
important  differences  exist  which  have  never  been  overlooked  by  physicians. 
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substances  which  produced  the  exudation,  or  which  have  gained  access  to  it 
accidentally. 

Highly  albuminous,  non-coagiUating  exudations  vnih  few  cells  are  tenned 
seiouii  e,rudf(tious.  As  the  amount  of  fibrin  increases,  the  exudation  becomes 
Sffro-jfihrinous,  and  ultimately  Jilnmom.  The  sero- fibrinous  exudation  appears 
as  a  fluid,  rendered  slightly  turbid  by  numerous  leucocytes  and  a  few  red 
blood  corimscles,  and  in  which  a  number  of  flakes  of  flbrin  are  8usj)ended.  Fibrin- 
ous exudation,  on  the  other  hand,  consists  of  a  coagulated  mass  of  granular  and 
filamentous  fibrin,  enclosing  a  vaiying,  and,  as  a  rule,  very  considerable  number 
of  leucocytes.  It  covers  the  serous  membrane  as  a  fibrinous  layer,  in  thick  or 
thin  lamina%  sometimes  aa  a  dense  coating  (Fig,  240).  The  accumulations  of 
fibrin  between  the  margins  of  aseptic  wounds  ai"e  usually  smaJl  in  quantity. 
When  they  conttJiin  many  red  corpuscles,  these  exudations  become  fU'ro-Immw- 
rhafjir^  Jibrino-hftnimrha^ir,  and  finally,  h(tm(nrhu<ffi*\  The  last  are  distinguished 
by  the  comparatively  great  number  of  red  blood  corpuscles  they  contain ;  in 
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Fiii.  '.'40.— Fibrinous  exixlation  Into  the  pleuiB  with  ft  fttw  etnignted  while  blood  eellN.    One  uf  the  white 
blood  Mils  breaking  down,    x  1000. 

addition  to  which,  fibrin  and  leucocytes,  and  sometimes  serous  fluid  also,  are 
found. 

Tlie  cellular  elements  which  are  enclosed  in  this  exudation  break  down 
after  a  time.  Part  of  the  hEemoglobin  is  dissolved  and  absorbed :  and 
part  is  transformed  into  brown  pigment  The  proiwrtion  of  albumen  of  the 
exudation  is  increased  by  the  absorption  of  the  fluid.  Lastly,  the  exudation 
may  disappear  without  leai-ing  any  trace.  Or  it  may  be  penetrated  by  blood- 
vessels and  replaced  by  connective  tissue,  in  a  way  similar  to  that  already 
described  in  the  replacement  of  a  thrombus  by  connective  tissue. 

In  many  cases  the  exudation  undergoes  special  changes  from  the  presence 
of  infective  poisons.  The  bacteria  of  suppuration,  through  the  poisons  they 
produce,  give  rise  to  very  cellular  exudations,  and  in  these  exudations  the 
fibrin  is  dissolved  in  stntn  jtascenti,  or  aeon  after  its  formation.  Pus  is  thu.s 
formed  {puntlent  ejtmhttiou).  The  bacteria  of  putrefaction  bring  about  putre- 
factive decomposition  of  the  exudation,  which  thus  becomes  discoloured  and 
foul -smelling  {pntru}  i^xuflutim).  Finally,  it  may  happen,  especially  under  the 
influence  of  the  syphilitic  and  tubercular  poisons,  that  the  exudations  become 
inspissated  and,  from  disintegration  of  the  cellular  elements,  come  to  resemble 
cheese,  both  macroscopically  and   microscopically  {aL^e(/u.<  fxjidniion).      Chylous 
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ex\nlaliou!i  are  more  rare.  They  consist  of  tiuid  which  contains  niimeroug" 
mimite  fat  droplets  and  fatty  cells.  They  may  be  formed  by  the  mingling 
of  chyle  \vith  peritoneul  exudations,  hut  are  more  frequently  produced  bj- 
fatty  degeneration  of  the  cells  in  the  exudation. 

From  this  account  it  is  seen  that  exudations  may  occur  as  amk  and  as 
chronic  affections.  ITie  acute  exudations  are  sometimes  serous  or  poor  in  cells 
in  the  early  stage,  apparently  when  violent  local  irritation  proirluces  great 
dilatation  of  the  arteries,  which  prevents  the  marginal  arrangement  and 
emigration  of  the  leucocytes.  Subsequently,  when  the  arteries  again  contract, 
the  amount  of  cells  in  the  exudation  increases,  and  it  passes  into  the  fibrinous, 
haimorrhagic,  purulent,  or  putrid  form.     Exudations  which  arc  at  first  acute 
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Flo.  341.— Aetitfl  bronohlJd  oiLarrh  (i-ruupuus  pTieiimonU).    Punge  of  the  leuoocTtM  through  tlte  dltatid 
cyliiulrical  ••pittitfliuin  of  the  bronchiu.    x  700. 

may  become  chronic  if  their  cause  continues  to  act.  Other  exudations  develop 
very  slowly,  and  from  the  beginning  betray  the  chronic  nature  of  the  disease, 
as,  for  inst^ance,  those  which  accompany  the  forniatioti  of  many  tumours  in  the 
abdomen. 

The  exudations  formed  on  the  free  surface  of  mucous  membranes  have  a 
peculiar  character,  since,  iti  this  case,  the  products  of  altt^red  epithelial  secre- 
tions are  mixed  with  the  fluids  which  escape  from  the  blood-vesstds. 

If  the  exudation  on  the  free  surface  of  the  mucous  membrane  remains 
fluid,  the  disease  is  termed  miarrk  of  the.  mvrws  mcmhrmu;  acute  and  chronic 
catarrhs  being  distinguished. 

In  aatte  catarrh  the  mucous  membrane  is  reddened  and  swollen.  The 
redness  results  from  the  dilatation  of  the  vessels ;  the  swelling  is  the  result 
of  the  dilatation  of  the  vessels  and  the  accumulation  of  the  exudation  in  the 
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tissues.  At  the  beginning'  of  acute  catarrh  the  exudation  is  often  a  serous 
fluid,  containing  few  cells  and  comparatively  little  aMtumen,  in  which  a  numher 
of  desquamated  cells  from  the  mucous  membrane  and  glandular  epithelium  are 
present,  in  addition  to  some  white  and  red  blood  cells  {»7d/*,s  caUirrh).  Great 
dilatation  of  the  arteries  i8  piohably  the  cause  of  the  small  number  of  cells 
which  characterises  this  exudation.  Subsequently,  the  nature  of  the  exudation 
from  the  niwcous  membrane  becomes  altered.  It  is  mixed  with  numerous 
desquamated  epithelial  cells  {ihaquanuftm'  cttfHirh),  More  frequently  still,  the 
exudation  assumes  a  mucous  character  from  the  great  formation  of  mucin  by 
the  glauds  and  superficial  epithelium.  The  mucin  is  partly  derived  from  the 
goblet  cells  {mtintii;^  mtmrh).  If,  at  the  same  timt\  numerous  t?iiiigrated  leuco- 
cytes are  present  in  the  exudation,  this  becomes  turbid  ami  white  {muco'pnndent 
mtanh).     The  amount  of  mucin  in  the  exudation  may  be  less  marked,  so  that 
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Pin.  342. — AtnipHy  of  gastric  mucous  tnembmtie  iu  chrouic  gnsttie  caUrrh.  a,  mucoau,  the  few  rr'UiiiKnl«  of 
the  glnntbi ;  h,  tuuscaLirls  tnucoiuc ;  r,  cicatricial  flubiiiucu-'ui ;  d,  tntiaculAiiti  virtitricull ;  t,  gmtrio  glan<l 
dilated  by  uccunmlated  secretioa.     From  a  preixiratioti  by  tny  fonner  (uwixtatit,  Dr.  Weatphalen,  x  57. 

it  becomes  pundent  (jmndmt  catarrh)^  or,  in  consequence  of  the  admixture  of 
numerous  red  blood  corpuscles,  the  exudation  assumes  a  hannorrhagic  appear 
ance  {hmnctrrkfujir  aihfnk).  Puirid  catnrrk'<  are  also  observed,  if  the  exudation 
from  the  mucous  membrane  undergoes  putrefactive  decomposition.  It  some- 
times happens  that  the  exudation  produced  by  the  mucous  membrane  is  very 
scanty  (f/ry  f<ifiirrhy  caiatrhus  siccus). 

Similar  varieties  of  exudation  appear  iu  chrmu-  caiarrhs.  In  these,  how- 
ever, changes  in  the  histological  structure  of  the  mucous  membranes  are 
distinctly  apparent,  j4s  a  rule,  even  to  the  naked  eye.  The  mucoufl  membrane 
becomes  thinner  and  atrophies,  and,  under  ccrUin  circumstances,  its  stnicture 
may  become  somewhat  more  dense  or  even  completely  cicatricial  {atiarrhtt.^  twnt 
itlrophM  wiwowfT-,  or  briefly,  nhvphic  catarrh),  (Fig.  242).  In  other  cases  the 
mucous  membrane  is  thickened  by  new  formation  of  mucous  tissue  and  glands 
{fnlnrrhoi  rum  hyjterplnsia  mvwso!,  sometimes  railed  simply  hyjpeiimjJik  ciitwrh). 
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In  chronic  catarrhs  it  may  even  appear  that  circumscribed  tumotir-like 
growths  arise, /wjoiVWw/rt  especially.  These  wiU  subsequently  be  more  mijiutely 
described  along  \nth  the  tumours,  A  condition  resembling  this  (papilloma  of 
the  posterior  wall  of  the  lilatidcr)  htis  alreatly  been  figured  (Fig.  133).  The 
<ieficieney  in   the  anterior  wall  of  the  liladder  has,  in  this  ca^e,  exjxjsed  thej 
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FiO.  MtL^-Acotc  croupoux  exudation  frara  Uie  trachw  in  angliu  maligna,  Jait  about  to  be  csa«t  oil.  <>,  UluiiiuiUxI 
eiOOpOtw  rnetnbmne ;  tbs  most  Ruperftcial  lajren  are  hyaline ;  Uie  tayen  below  Uiis  liave  iiuijiy  leiioticyt«a ; 
the  deep  layen  of  tli«  cruupons  membrane  coanlHt  of  thread-like  flbrtn  with  vrry  few  cells  ;  li,  ati  Htaplgp^ 
spiee  (coutalaing  a  littli*  coatirulated  albumen)  formed  by  tht^  uparation  of  the  cruup  nietiibraDC' ;  r,  muMMtti 
inembnuit  of  the  tnu:h«a ;  1t«  epithelial  Govering  la  gone,  and  It  ia  markedly  iiitlltrat«d  with  criiigratcd  whit* 
Uood  oorpuMlflt.  In  thft  mucous  membnne  can  b«  ceen  the  mombraria  propria,  numerotin  tranHV«»rMe 
•ectlona  of  vM«ela,  and  tlie  dact  of  a  gland,    x  125. 

mucous  membrane  to  external  injuries,  especially  to  the  action  of  the  pyogenic 
orgamsins,  which  prcKJuce  ca,taiTh  that  may  last  for  yeiii"s. 

Coagulating  exudations  are  formed  on  the  mucous  membrane  its  the  result 
of  very  various  causes  of  disease.  The  tough  or  soft  membranes  which  are  fonned 
may  be  described  as  croupous  and  diphtheritic.  In  vroup  a  fibrinous  membrane 
forms  on  the  mucous  membrane,  the  epithelium  being  for  the  most  part  shed. 
The  membrane  usuaUy  shows  distinct   lamination.     The   various  layers  are 
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distinguished  by  unequal  density  in  the  network  of  fibrio,  and  by  the  varying 
luimber  of  eraigrated  white  blood  corpuscles.  The  older,  more  8Ui>orticial 
layers  of  fibrin  arc  frequently  transformed  into  hyaline  or  finely  granular 
masses  like  those  which  have  been  alrea<Jy  described  in  thrombi  of  some 
stiinding  (Fig.  243).  At  first  the  croupous  membranes  are  fairly  adherent  to 
the  substratum,  although  they  can  be  torn  away  with  forceps.  Subse([uently, 
spontaneous  separation  takes  place  (Fig.  243),  because  the  mucous  membrane 
now  produces  an  exudation  containing  very  little  fibrin,  which  raises  the 
coagukteil  njiisses  previously  formed. 

The  mucous  membrane  is  left  ])ehind,  deprive<l  to  a  greiit  extent  of  its 
epithelium.  The  process  of  membrane  formation  may  l>e  repeated.  Croupous 
membnines  are  formed  most  frequently  on  mucous  membraneB  with  cylindrical 
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Pio.  344.— Bnncblnii  nbrinonii  exudatian  troiu  Urn  brancKt  {n  chronic  cronpoua  lirauohitU.    Natcual  size. 


epithelium,  but  are  not  exclusively  confined  to  these.  Aa^de  croujiouii  exudatiam 
are  found  on  the  mucous  membrane  of  the  pharynx,  the  larynx  and  trachea  in 
specific  angina  maligna  (diphtheria),  in  the  form  of  dense  whit«  memhranes. 
Croupous  exudations  in  the  small  and  large  intestines  in  dysentery  are,  on  the 
other  hand,  frequently  stained  yellow  or  ohve  green  from  imbibition  of  colour- 
ing matter  from  the  liilo  in  the  intestinal  contents.  Chnmk  crmtp  is  somctimea 
foimd  in  the  trachea  and  bronchi.  At  intervals  of  a  few  weeks,  during  violent 
attJicks  of  dyspnoea,  the  pitients  cough  up  branching,  cylindrical  casta  of  the 
bronchial  tree,  composed  of  fibrin  (Fig.  244). 

DipJdhrriik  exudation  is  an  allied  process.  In  this  ease  the  formation 
of  fibrinous  exudation  does  not,  however,  limit  itself  to  the  surface,  but  invades 
the  mucous  membrane  itself.  The  tissue  spaces  of  the  mucous  membrane 
become  filled  with  fibrinous  exudation  and  emigrated  celk     At  the  same  time 
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the  mucous  membrane  necroses  throughout  a  greater  or  less  extent,  lieginning 
at  the  surface.  The  necrosed  portion  of  tissue  closely  resembles  croupous 
membrane  to  the  naked  eye.  If,  however,  an  attempt  is  made  to  tear  off  the 
diphtheritic  membrane  with  forceps,  this  does  not  at  first  succeed.  It  is  only 
later,  when  the  process  has  been  arrested  and  the  deepest  layers  of  the  necrosed 
tissue  are  liquefied,  that  separation  is  possible.  There  is  always  more  or  less 
loss  of  substance,  which  only  heals  up  gradually  by  the  ^rmation  of  a  cicatrix. 
Diphtheritic  exudation  is  also  the  result  of  the  same  specific  infections  as  give 
rise  to  croup,  angina  maligna  (i.e.  diphtheria),  dysentery,  etc. 

After  this  consideration  of  pathological  transudations  and  exudations,  it 
appears  desirable  to  collect  in  a  tabular  form  the  specific  gravity  and  the 
amount  of  albumen  contained  in  some  of  the  transudations  and  exudations,  so 
far  as  these  are  of  theoretical  or  practical  importance. 

Peritoneal  Cavity  Amonntof 

Transudation-  H,>ec.  G«vit>.    ^,,_„  ,. 

in  Bright's  disease I'OOG  O-.'iG 

in  congestion  of  the  portal  circulation.     Cirrhosis  of  the  }ivcr        .  1008  0-97 

in  general  venous  congestion 1*012  1*96 

Exudation — 

in  carcinoma  of  the  peritoneum I'OIS  3 '80 

in  tuberculosis  of  the  peritoneum 1-022  576 

in  purulent  exudation 1*027  7*10 

Pleural  Cavity 

Transudation — 

in  Bright's  disease 1  '007 

in  general  venous  congestion 1*012  1*30 

Exudation — 

in  carcinoma  pleurae 1*017 

in  tuberculosis  pleura> ,        .     1*018 

in  purulent  exudation 1*0*21  4*79 

Snbctttanetas  Cellidar  Tissne  of  the  Lower  Extremity 
Pathological  transudations  of  mixed  origin 1*007-1*011    0*05-1*1 
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X.  Gaemorrhage  and  LympliorrlLagla 

In  heeraionhnge  there  have  been  tlistiiignished 
hiemoirhiigeii  pn  dwffdmii^  hiumorrhagea  pt'i- 
rh^'xitiy  aiKJ  haemorrhages  jwr  dvibrothsin, 

Hceuurnfuifjc.  by  dm}^desu'<  has  already  b<?en 
fully  considered  in  discussing  iliapedesis.     Ha- 

imnhiifjc   hij   dmhtr*d')sis  (Le.    from    ulcemtion   or      I     ;     ;     T^^-^'     '     '^^1    f^ 
erosion)  takos  place  when  the  f>rocoss  of  ulcera-  '     -     •  <  "^ 

tiou  destroys  the  vessel  wtdl  from  without,  as,  for 
instance,  in  many  hjpmonhngrs  from  tuburcular 
ulcerated  ttivities  in  the  lungs.  Ilanioirfutges  pfi 
rh^xin  (rupture)  are  hfemon*hnge.s  ivhich  occur  iji 
consequence  of  mechaiuVal  solution  of  continuity 
in  the  vessel  wall  Diseased  ve.ssel  walls  may 
rupture  when  the  l)lo<>fl  -  pressure  is  normal. 
Tmnsient  rises  in  the  arterial  pressure,  however, 
are  frequently  the  exciting  causes.  The  rise  of 
arterial  pressure  after  inJTiry  has  ali-eady  been 
discussed  (Figs.  1  and  2).  The  rise  in  pressure 
when  respiration  is  susjj^nded  is  no  less  important 
(Fig.  245).  It  appe^'ir-s  especially  in  umlue  in- 
crease of  alKlominal  pressure,  as  in  ditFicult  defe- 
cation and  similar  conditions.  Sensory  irritationf> 
of  the  skin  and  fnght  also  cause  a  transitory 
reflex  rise  in  pressiu-e  in  the  systemic  arteries. 
Active  muscular  movements  also  raise  the  arterial 
pressure. 

Haemorrhages  from  rupture  further  occur  at 
the  seat  of  injury  Ity  direct  solution  of  continuity 
of  the  vessel  wall.  In  addition  t-o  this,  severe 
injuries  and  lacerations  of  arteries  and  veins  may 
cause  rupture  at  places  at  a  distance  from  the 
external  injury  (Eppinger),  The  spontaneous 
rupture  of  the  muscles  which  occurs  in  sudilen,  bi 
violent,  mu.scuiar  strains  may  also  lie  regarded  a.s  ^^ 
an  injury  and  may  le^id  to  bajmorrhage.  ^«« 

Arteiial  hiemorrhages  may  sometimes  be  re- 
cognised by  the  pulsation  of  the  stream  of  the  Wooti,  or  by  sjX)Uting.    The  bright 
reii  coloui'  of  freshly  escaped  arterial  Wood  and  the  dark  eoloui"  of  xenons  Wood 
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may  be  distinguished,  iilthough  not  invariably.  In  deep,  narrow  wounds  it  is 
often  difficult  to  determine  tbo  source  of  the  blood  without  enlarging  the  wound. 
In  recent  injuries  especially,  the  hremorrhage  from  the  di\ided  capillaries  is 
often  considerable  and  obscures  the  view. 

Hieraorrhages  from  ulceration  and  htemorrhages  from  rupture  have  this  in 
common,  that  the  bloo<^l  which  is  shed  usually  has  the  composition  of  the  blood 
circulating  in  the  vessels,  which  is  not  the  case  in  hfemorrhages  by  diapodesis. 
Tlie  shed  blood  may  pass  cither  e.xternally,  or  into  the  cavities  of  the  various 
hollow  organs  in  the  human  l>ody,  or  it  may  accumulate  in  the  tissues.  In 
this  sitiiation  it  may  form  large,  tumour-like,  rotinded  aeciimulations  of  blood 
(h(tnmtomn),  or  it  may  insert  itself  in  Hat  layers  between  two  membranes,  as,  for 
instance,  in  the  submucosal  of  n  mucous  membnine  {h/tim^rrliagk  sajfiu'tioit). 
Haemorrhage  by  diapedesis  alone  gives  rise  to  punctifonn  hremorrhages  at  first 
{etehpiui.^fi  or  }it!kthia:\  which,  however,  may  acciunulate  and  form  considerable 
hmiuwrluvjic  infiltratmus  of  the  tissue. 

In  tracing  the  further  fate  of  the  esdrawiaied  bbod,  no  note  need  be  taken 
of  haemorrhages  which  escape  externally.  When  the  hremon'hage  is  into  the 
stomach  imd  intestine,  the  bloofl  is  altered  by  the  digestive  juices,  and  forms  a 
brown  Bubstance,  like  cofFee-gi'ounds,  in  the  contents  of  the  stomach.  In  hiemor- 
rhage  into  the  intestine  the  intestinal  contents  are  coloured  brow^dsh-red  or 
brownish-bhick.  A  part  of  the  bkKxl  sometimes  coaguLites  within  the  ca^^ty 
of  the  utenis,  especiiilly  when  the  uterine  contractions  after  delivery  are  ir- 
regidar,  and  here  forms  the  so-called  fibniwit.^ ]ioljfin,  generally  kno^vn  as  placental 
polypi.  In  other  cases  the  cxtravivsations  into  the  cavities  which  are  lined 
with  mucous  membrane  are  altered  into  dark,  bhickish-rerl  fluids,  which  become 
gradually  decolorised  and  reidjsorbed  or  undergo  putrefactive  disintegration. 

Bloml  extravasations  in  the  tissues  and  in  the  serous  cavities  are  fret|uently 
disflolved  and  absorbed.  After  solution  a  part  of  the  hnemoglobin  diflfuses 
through  the  surrounding  tissues,  imparting  to  them  n  bluish-green  colour,  which 
disappears  when  absorption  is  completed.  Duiing  this  process  a  portion  of  the 
hiemoglobin  is  frequently  stored  up,  for  a  time,  within  the  l>Tnph  or  wandering 
cells  as  dark-red  spheres.  The  red  blood  corpuscles  may  also  Itc  taken  up  by 
the  %vhite  blood  cells  or,  as  is  usually  said,  eaten  up,  A  part  of  the  hiemo- 
globin,  lastly,  is  changed  in  intu  into  brown  pigment — a  process  which  will  l»e 
descriljed  in  connection  with  pigmentation.  In  many  ciiscjs  the  transfonnation 
of  a  portion  of  the  colouring  matter  of  the  blood  into  lirown  pigment  changes 
the  originally  bluish-green  colour  in  the  neighbourhood  of  the  bloofl  extravasa- 
tions into  yellow. 

Large  blootl  extravasations  are  sometimes  only  imperfectly  absorbed.  If 
they  are  situated  superficially  in  the  so-called  htemorrhagic  vesicles  between 
the  layers  of  the  rete  Malpighi,  they  may  dry  up.  If  deep  in  the  tissues,  either 
they  become  firm  and  hard,  or  even  Cfdcitied,  or  they  soften  and,  if  microbes 
iire  present,  undergo  secondary  changes.  They  pass  into  a  condition  of  putre- 
factive disintegration,  or  they  l>ecomc  liquefied  and  disappear  amongst  the 
pus  which  is  produced  as  a  result  of  the  introduction  of  pyogenic  organisms. 
All  these  and  other  similar  changes  which  the  extravasated  blood  undergoes 
depend  upon  the  conditions  which  the  new  environment  affords  it.  One  of 
these  conditions  will  afterwards  be  more  carefully  considered.  It  may  happen 
that  the  ca^rity  which  contains  the  extraviisated  blood  remains  in  direct  connec- 
tion ^nth  the  lumen  of  ajt  artery,  or  an  artery  and  a  vein,  but  is  encloseil  on 
all  other  sides  by  non-cndothelial  tissues  which  have  \\een  pushed  aside  from  their 
original  situation  by  the  extravasation.     In  such  cavities  the  blood  invariably 
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coagiUates.  The  cavity,  however,  may  be  looked  Tipon  us  a  circumscribed 
pathologiciil  dilatation  of  the  arteiial  lumt'ii  aiui  tlussed  with  the  am-urbm^. 
This  is  quite  justifiable,  since  the  wall  of  this  t-avity  is  su]>sei:jiieiitly  thickened  by 
new  formation  of  gninulatioii  and  cicjitrieial  tissues^  and  nuiy  become,  partially 
at  least,  lined  Vjv  endothelium  from  the  vessel.  The  details  of  this  process 
will  be  more  carefully  considered  when  aneurisms  are  described. 

The  changea  in  the  tone  of  the  vessels  wlmh,  accompjiny  great  effusions  of 
blow!  externally  or  into  the  large  body  ea\'ities  are  of  especial  int4>rc8t  for  the 
physician.  Such  hfeniorrhages  may  cause  death.  The  processes  which  accom- 
jmny  them  modify  this  danger,  but  involve  fmther  consetiuences  which  must  be 
referred  to. 

It  has  been  montionetl  already,  in  the  introduction  to  the  circulatory  disturb- 
anceja,  that,  according  to  the  researches  of  the  Physiological  Institute  in  Leipzig, 
the  vascular  system  is  able  to  accommodate  itself  to  varying  quantities  of  blood. 
Experiments  on  clogs  and  observations  in  man  show  that  the  (idcriftl  prtsi^utr  falls 
very  rapidly  wheTi  large  qiumtities  of  lilood  are  siiddenly  wTtthdrawn  from  the 
great  arteries.  They  show  especially,  however,  that  as  soon  as  the  ha-morrhage 
ceases,  the  presstu-e  regains  its  original  height  in  a  short  time,  if  the  loss  of 
blootl  has  not  exceeded  certsiin  limits.  A  similar  condition  may  )»e  expected 
when  there  is  great  htemorrhage  from  the  largo  venous  tninks.  Experiments 
on  living  animals  have  shown,  at  leasts  that  the  pressure  in  the  systemic  arteries 
immediately  falls  if  the  influx  of  blood  to  the  heart  from  one  of  the  gre4it  \'ein8 
is  interrupted.  At»d,  lastly,  observations  in  human  pathology,  as  well  as 
correspomling  experiments  on  animals,  have  proved  that  hiemoiThagcs  from 
small  artenes  and  veins  do  not  at  first  alter  the  pressure  in  the  systemic  arteries 
so  long  as  the  limit  mentioned  above  is  not  exceeded. 

This  limit  fi/r  thr  h(Fmon}wge  within  whirh  thr  j.t!ts>ifir  in  the  injstntdc  arkrim^  apart 
from  t/'nnsif'til  rontitirfnj<,  remains  om4({uf,  is  irot'h'd  tphii  the  Wfitjht  of  Uifi  bUxxi 
icithdrawn  u<  fquinthud  to  from  2  h  4  per  ant  nf  fhf  hikit/  ireitfht  (Lf's-<n}.  The  lower 
limit  (2  per  cent)  applies  to  rapid  withdrawal  of  bloofl,  and  the  higher  limit 
(4  fier  cent)  to  gratlual  hii'morrhages.  Hero,  also,  different  indiWduals  show 
certain  diHerencos  in  their  ijehavioui'.  It  must  therefore  be  remembered  that 
the  figures  given  above  are  only  kno^\Ti  to  hold  good  in  the  case  of  the  dog. 
We  may  apply  them  to  the  human  body,  however,  so  far  us  we  are  justified  in 
doing  so  by  the  results  of  the  clinical  observation  of  the  oligocytha'mia  which 
occurs  dui-iug  and  after  hti'nu)rrhages.  If  it  he  considered  that,  according  t«  the 
investigations  of  Bischoif,  Rl.  Weber,  and  Lehmann,  the  toUd  amount  of  blood 
in  man  varies  between  7  and  12  per  cent  of  the  body  weight,  and  on  an 
average  is  equal  to  alx>ut  9  per  cent,  it  wilt  be  seen  that  nearly  cme  half  of  ihr. 
iwrmal  volume  of  blot^l  may  be  lost  by  haimorrhage  \rithout  the  blood-pressiu-e 
in  the  aortic  system  being  permanently  or  considerably  lowore*!. 

The  regulation  of  the  tone  of  the  vessel  which  accommockt^is  the  vaecuLar 
system  to  the  varpng  amount  of  blood  must  first  be  considered.  The  arteries 
of  the  aortic  system  contract  according  to  the  amount  of  blood  which  is  lost-,  so 
that  the  normal  blood-pressure  is  preserved.  Associated  with  this  there  is  also 
another  factor  which  acts  in  a  similar  fashion.  Thackrah  first  observed  a  dilution 
of  the  blood  during  venesection,  caused  by  diminution  of  its  cellular  contents, 
and  this  f;ict  was  subsequently  confirmerl  by  Prevost  and  Dimuis,  Andral  and 
Garret,  Nasse,  Zimmermunn,  and  Vierordt.  Wlien  the  /^j.<s  ,/  UimkI  t4ib'.s  phu-e 
rtipidlff,  this  change  in  the  composition  of  the  l»Ioo<l  occurs  simultaneously  with 
the  fall  in  pressure,  as  Lesser  showed.  It  was  therefoi'e  natural  to  assume  that  the 
fall  in  blood-pressure  allowed  a  large  quantity  of  lymph  to  pass  into  the  vascular 
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system.  In  order  to  refute  this  assumption,  Lesser  ligjiturerl  the  large  lymph 
trunks,  antl,  iiolwithstHn<iiiig  this,  olisen*etl  a  diiiiinutian  of  the  hjemoglobin 
and  an  increase  of  tlie  aniotint  of  water  in  the  blood  during  subsequent  vene- 
section. Under  these  circimtstances  it  was  most  piulwible  that,  during  the 
ha>morrhiige,  watery  fliuds  passed  from  the  tisBues  through  the  vessel  walls 
into  the  capillaries. 

Lyojij  working  under  my  su|>eriiitondenco,  subsequently  cutised  the  hliKid  to 
be  withdrawn  from  the  rein^  cwujinruticfly  »hndtj.  I)iminutiou  of  the  cellular 
contents  of  the  blood,  to  the  amount  of  5  to  15  per  cent,  was  demonstrated 
at  a  time  in  which  the  hinninrrhage  could  not  f>osRibly  have  influenced  the  blood- 
pressure  in  the  aorta,  as  it  occurred  so  slowly.  This  brings  u.^  to  an  iniportatit 
point  which  has  hithcito  been  overlooked.  In  extensive  haemorrhages  the  pres.sure 
in  the  aorta  is  certainly  niainUiined  at  its  normal  height,  in  consequence  of  the 
contraction  of  the  arterial  channel  brought  about  by  the  regulation  of  the  tono 
of  the  vessels.  It  may  be  supposetl,  however,  under  .such  circumstances,  that 
the  pressure  in  the  capillaries  falls,  and  that,  in  any  c^use,  the  capillaries  will  be 
supplied  by  a  les.s  amount  of  blofxl  from  the  cfsutracted  artencs.  It  may  also 
he  a.ssumed  that  tiie  diminution  of  the  blood -pressure  m  the  capillanes,  which 
manifests  it*^elf  in  the  decrease  of  tlie  turgoscencc  in  the  tissues,  les-sens  the 
filtration  of  the  blood  jtlasma  through  the  capillary  wall.  The  blooil,  therefore, 
loses  leas  fluid  through  the  capillaries.  This,  however,  does  not  suffice  to  ex- 
plain the  considerable  diminution  in  the  numlier  of  corpiLscles  contained  in  the 
blood.  It  is  prolmbly  rather  the  process  of  diflusion  and  the  secretory  function 
of  the  vessel  wall  which  act  here. 

As  has  been  said  above,  less  Itlood  flows  through  the  ci\pillarios  iu  a 
given  time  ;  these  will,  therefore,  have  received  comparatively  large  quantities 
of  water  by  diffusion  from  the  relatively  watery  tissues.  In  addition  lo 
this  it  is  not  improbable  that,  under  such  circumstances,  the  endotheh'nm  of 
the  capillary  wall  secretes  water  into  the  bluod.  It  was  pointed  out  in  the 
introduction  to  the  locjil  circulatory  disturbances  that  the  Hrst  capillaries  owefl 
their  origin  to  the  secretory  activity  of  the  eell.'*  in  the  capillary  walls,  and  that, 
further,  the  tissues  which  surround  the  lumen  of  the  ciipillaries  determine 
the  amount,  the  rate  of  flow,  and  the  pressure  of  the  blood  within  them,  and 
even  determine  the  action  of  the  heart  and  the  great  vessels.  Hi^i^morrhage 
disturbs  these  relations,  and  it  is  quite  comprehensible  that  the  disturbance 
fihotdd  bo,  partly  at  least,  compensated  for  by  abnormal  metabolic  processes 
in  the  capillary  enrlothelium,  by  increased  secrotiou  of  water  iulo  the  blood. 

I  hi  ri  fig  thr  hpiiunrhnje  the  composition  of  the  blood,  therefore,  become^* 
altered,  its  plasma  and  water  are  increased.  This  increjise  of  the  bloc^d  plasma 
is  mainly  due  to  a  disturlNince  of  the  interchange  of  material  between  the  blood 
and  the  tissues,  which  is  carried  out  through  the  capillary  wall.  The  researches 
of  A.  Schmidt  further  show  that  the  oxifjHl<(hilitt/  uf  the  UiKd  tt  incrmml  dumtg 
hvmorrliafjf.  We  have  here  one  of  those  adaptations  of  the  organis.Uion  which 
are,  as  a  rule,  so  difficult  to  explain  unless  the  Darwinian  theory  of  jidapUition 
be  made  iLse  of.  In  any  c^ise,  the  increased  coagidability  of  the  blood  favours 
the  occurrence  of  thrombosis,  thus  of  arrest  of  the  ktfinojrhuge.  In  longH[-ontinUe*J 
haraorrhage  from  arteries  and  large  veins  the  appearance  of  thrombosis  is 
further  favoured  by  the  fall  in  blood-pressure.  Such  a  fall  in  blood-pressure 
certainly  constitutes  a  gre^it  danger  to  life  from  grave  enthral  (tnwmiOi  the  most 
importjuiit  consequences  of  which  were  dealt  with  under  local  anii?mia.  Ex- 
perience shows,  however,  that  h;emorrhages  which  may  even  protiuce  uncon- 
sciousness are  frequently  recovered  from  by  healthy  indi\'idua1s.     It  is  possible 
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also  to  rapidljr  restore  the  blood-pressm-e,  after  closing  the  bleeding  vessel,  by 
the  infusion  of  carefully  sterilised  salt  solution  into  the  veins.  By  this  means 
the  Bpont^meous  regeneration  of  the  blood  is  aided,  as  has  been  observed.  In 
long-continued  hiemoiThage  the  infusion  of  salt  solution  certainly  seems  to  be 
less  indicated,  since  in  these  cases,  as  may  l>e  gathered  from  simple  enumera- 
tion^ it  greatly  decreases  the  number  of  corpuscles.  The  loss  of  blood  on  the  one 
hand,  and  the  infusion  of  salt  solution  on  the  other,  may  produce  with  extra- 
onlinary  rapidity  so  st'rioTis  an  oligocythieraia  that  this  in  itself  may  l»e  fatiil. 
It  would  appear  that  this  fact,  which  may  be  proved  by  simple  enunn'ration, 
has  not  always  l)een  correctly  appreciated.  In  protracted  hieraoirhagc,  on  the 
other  hand,  according  to  the  first  results  of  Lower  and  Denis,  the  transfusion 
of  human  blood  is  indicated. 

The  proccssea  of  re[ffiirrnti/m  of  thf  hUxd  which  occur  after  haemorrhage  have 
been  studied  by  many  investigators.  These  processes,  however,  involve  not 
only  the  fluid  portion  of  the  blood,  but  also  the  blood  cells. 

The  researches  of  Briicke  were  the  first  to  shuw  that  the  white  cells  of  the 
blood  were  forme<l  in  the  b(niph-*}Uinih^  and  Flemming  subseqtK'iitly  demonstrated 
indirect  nucle;ir  and  cell  division  within  these  organs.  J.  Arnold  was  the  iirst 
to  point  out  that  other  forms  of  nuclear  division  also  occurred.  The  sjune 
formation  of  new  cells  is  seen  in  the  tondU  (Stohr)  and  in  other  organs  composed 
of  l^^TDphatic  tissue,  its  well  as  in  the  qAeen  and  Imir-marrow  (Ai'uold).  The 
newly-formed  white  cells  pass  into  the  blood  in  circidation  by  means  of  the 
lymph-stream. 

The  study  of  the  regeneration  of  the  red  cells  is  one  of  great  diflioulty.  In 
the  embryo  the  red  blood  cells  are  formed  by  the  walls  mI  the  nidiment^ry 
capilkries,  according  to  the  investigations  of  Pander,  Von  Baei*,  Schwann, 
Reichert,  Remak,  Knlliker,  His,  Klein,  and  othera.  I  have  recently  discussed 
this  fact  somewhat  in  detail  Some  of  the  cells  which  form  the  walls  of  the 
rudimentary  cajiillanes  are  transformed  into  nucleated  rcfl  blmid  l« »i  pusdes 
which  finally  mingle  with  the  circulating  Huitl.  At  a  more  advanced  age,  on 
the  other  hami,  the  regeneration  of  the  bkiMDd  after  hcentorrhages  is  carried  out 
in  the  qdi'tn^  the  hvne-Nutrrotr,  and  possibly  in  the  Imr  also.  The  investigations 
of  Kolliker,  Neumann,  Bizzozero,  Rindfleisch,  and  Salvioli  make  this  very 
ppoliable.  After  haemorrhage  nucleated  red  blood  corpuscles  are  present  iti 
these  organs  in  great  numlier  and  may  l»e  regarded  ^is  early  stages  of  the  non- 
nucleated  red  corpuscles. 

The  details  of  the  source  and  forajation  of  these  nucleated  red  corpuscles 
are  not,  as  yet,  fully  explained.  Neumann  is  inclined  to  consider  them  as 
originating  from  the  colourless  lymphoid  cells  of  the  bone-raarroM\  but  many 
others  look  u|K»n  the  lumina  of  the  vessels  in  the  bone-mariow  and  the  Kpleen,  or 
the  walls  of  these  vessels,  tus  the  ptvrts  in  which  the  nucleated  corf)UscIe.s  are  pro- 
duced. Bizzozero  has  succeeded  in  demonstrating  indirect  iiULlear  division  in 
the  nucle^ited  red  blo«xl  coi-pusclcs  found  by  Neumann,  from  which  it  may  be 
inferred  that  they  cim  regenerate  themselves  independently.  After  haniorrhages 
and  oligocythocraias  of  other  origin  the  nucleiited  red  corpuscles  are  not  confined  to 
those  organs  mentioned,  however,  but  arc  also  found  in  the  general  circidation. 
They  are  finally  iransfomicd  into  non-nucleated  red  blood  corpuscles. 

The  next  question  is,  How  long  do  these  regenerative  processes  take  to 
restore  the  blood  to  its  normal  condition  1  Hiinerfauth,  at  my  suggestion, 
and  Buntzen  simultaneously  published  papers  on  this  subject,  which  were 
subsequently  confirmed  by  Lyon.  It  appeared  that  at  the  close  of  long-continued 
haemorrhage,  or  some  hours  later,  the  number  of  the  white  corpuscles  in  the 
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cubic  milliroetT'O  of  hlrj4xl  increased  until  it  was  far  above  normal,  while  the 
number  of  red  corpusckii  continued  to  diminish.  In  a  cubic  millimetre  of 
normiil  blood  there  are  about  5,500,000  red  and  5000  to  10,000  white  coi-piiscles, 
whereas  immediately  after  great  haimorrhage  there  are  4,000,000  or  5,000,000 
red  and  1*2,000  to  40,000  white  corpuscles  in  the  cubic  millimetre. 

The  oligocytliivmia  i«  still  more  apparent  in  the  course  of  the  first  few 
days  after  a  hivmorrhage,  in  consequence  of  the  comparatively  rapid  regener- 
ation of  the  blood  plasma.  During  this  time  thirst  and  hunger  are  very 
marked.  (On  the  battlefield  tbe  greatest  suffering  is  felt  from  thirst  among 
those  who  arc  wounded  and  weak  from  great  loss  of  blood.  Other  causes  are 
present  in  producing  the  condition  in  this  case,  oF  course,  such  a«  previous 
exertion  and  privations  of  other  kinds.) 

Three  or  four  days  after  serious  hiemorrhage,  sometimes  somewhat  sooner 
or  later,  the  numl^er  of  red  cells  contained  iu  tbe  blood  reaches  its  lowest  limit, 
sometimes  as  low  as  2^500,000  in  the  cubic  millimetre.  The  regeneration  of 
the  red  cells  then  begins  and  the  number  of  red  corpuscles  gradually  increases, 
attaining  the  normal  in  about  two  or  three  weeks  after  the  hjemorrhage.  The 
number  of  white  cells  in  the  blood  does  not  undergo  such  regular  variation,  the 
leucocytosis  which  was  present  at  first  having  completely  disappeared  in  ten  or 
twelve  days.  

Lyvfiphnrhtgni  is  of  much  less  importance  than  hu'morrhage.  The  pressure 
to  which  the  lymph  is  exposed  is  so  slight,  that  injured  lymph-vessels  collapse 
M  soon  as  they  have  allowed  the  lymph,  present  in  th«m  for  the  moment,  to 
escape,  and  then  remain  occluded  by  coagula  of  lymph  or  blood,  until  cicatrisa- 
tion has  taken  place.  When  there  is  dilatation  of  the  lymphatics,  li/utpJt- 
a/nffiedasui,  or  where  tumours  are  composed  of  wide  lymph- vessels,  protracted 
lymphorrhagia  may  occur. 

Dilated  lymphatics  in  the  superficial  parts  of  the  skin  are  often  injured 
and  opened  by  trifling  wounds.  If  a  free  discharge  of  lymph  is  established,  the 
wound  does  not  ea.sily  close  and  a  lijntph  fL4uht  is  formed.  The  flow  of  lymph 
keeps  the  neighboiuing  surface  moist,  and  excoriations  form  on  the  macerated 
skin.  There  is  always  a  risk  that  pyogenic  organisms  may  penetrate  into  the 
open  lym])h  vessels  and  excite  suppuration,  so  that  lymphatic  fistula*  frequently 
require  siu*gical  interference. 

The  lymphatic  fistube  which  form  at  dilated  portions  of  tbe  thoracic  duct  or 
of  the  chyle  vessels  in  the  mesentery  arc  equally  worthy  of  note.  In  such  cases 
fluids  rendered  turbid  by  the  presence  of  chyle  pass  inUt  the  abdominal 
cavity  or  the  thorax  (rh/lous  a.<nU.<,  rhyhm.<  hi/ilrof/uow). 
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body  and  any  intercellular  substance  present.  New  foritmikm  is  manifested  by 
cell  multiplication — that  is,  reproductioa  Fundkni  may  be  described  as  the 
activity  of  the  cells  which  they  exercise  in  the  service  of  the  organism  as 
a  whole. 

These  three  propeilies  of  the  cell — nutrition,  new  formation,  and  function 
— are,  as  R.  Virchow  showed,  mutually  dependent  upon  eacb  other.  Some 
aspects  of  this  relation  may,  at  present,  be  discussed  from  a  general  stand- 
point. Nutrition,  reproduction,  and  functional  activity  are  mauifestations 
niiich  RTe  due  to  chemical  changes  in  the  body  of  the  cell ;  to  the  trana- 
formation  of  chemical  energy,  supplied  by  the  nutrition,  into  other  forms  of 
energy.  The  law  of  the  conservation  of  energy  is  thereby  fulfilled. 
Functional  acti\nty  and  reproduction  appear  to  be  dependent  upon  nutrition. 
It  is  well  known  to  pathologists  and  physiologists,  however,  that  nutrition 
and  reproduction  are  dependent  within  certain  limits  upon  functional  activity. 
With  increase  in  function  the  nutrition  and  reproduction  also  increase  so  that 
cells  and  tissues  grow  in  volume,  or  new  cells  and  new  intercellular  substances 
are  formed.  Fice  reml,  a  diminution  of  function  causes  loss  of  bulk  in  the 
tissue,  while  the  formation  of  new  tissue  ceases  and  the  nutrition  of  the 
existing  tissue  is  imiKiired.  The  question  how  far  nutrition  and  function 
are  dependent  upon  reproduction  leads,  however,  when  followed  further,  to  the 
deeper  question,  How  is  the  organism  formed  ?  Are  its  origin  and  cell  forma- 
tion to  be  regarded  mainly  as  processes  which  can  exist  independently  in  the 
sense  that  nutrition  and  function  appear  as  dependent  vahies  ?  If  it  be 
allowed  that  irritation  arising  from  without  can  directly  stimulate  the  cells  to 
proliferation,  the  corresponding  changes  in  nutrition  and  function  may  also,  in 
such  cases,  be  regarded  as  the  result  of  disturbances  of  reproduction.  Whether 
this  really  does  take  place  cannot  at  present  be  Bnally  proved. 

As  the  result  of  various  disturbances  in  the  normal  course  of  the  three 
forms  of  energy  in  the  cells,  the  phenomena  of  diminution  and  disintegration 
of  the  tissue  on  the  one  hand,  and  of  abnormal  growth  and  abnormal  new 
formation  of  tissue  on  the  other,  are  obseiTed  by  pathologists.  Those  two 
series  of  processes  ought,  therefore,  to  be  described  together  as  retrogressive  and 
progressive  tissue  changes. 


A,  Retrogressive  Changes  in  the  Tissues 


I.  Death  and  Necrosis 

Death  (m/jrs),  the  end  of  individual  life,  is  practically  first  recognised  by 
the  cessation  of  the  function  of  the  various  systems.  Respiration  usually 
ceases  iirst,  then  the  pulse,  the  activity  of  the  nervous  system,  and  the  other 
organs.  The  skin  becomes  pale.  The  lustre  of  the  eye  soon  disappeai-s,  and 
then  the  body  becomes  cold ;  the  latter,  in  some  cases,  after  previous  anie- 
mortem  or  post-mortem  increase  of  temperature  (as  in  tetanus  and  other  acute 
infections). 

In  from  four  to  twenty-four  hours  aiter  death,  sometimes  earlier,  jxfst- 
ftmieni  rigidity  sets  in.  This  is  due  to  coagulation  of  the  myosin  in  the 
contents  of  the  sarcolemma  of  the  muscles  (W.  Kuhne),  by  which  the  muscles 
become  firm  and  hard,  so  that  they  oppose  great  resistance  to  passive 
movement;  the  eyeball  becomes  lax;  hypostasis  develops,  producing  livid 
discoloration  and  marked  congestion  in  the  deeper  parte  of  the  skin  and  sub- 
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cataneous  cellular  tissue,  the  muscles,  luugs,  abdcHninal  vueem,  and  other  organs^ 
md  in  Um  qniial  cord  also,  if  the  body  is  lyitig  on  its  back.  Some  boon  aftA- 
desth  the  blood  ooagolates.  The  time  at  which  this  takes  place  Tiries  great  h-, 
aoeonSng  to  the  individual  and  the  manner  of  death.  It  sets  in  very  early  if 
the  coagiilalHlity  of  the  blood  is  increased  by  preTious  baemoirhages  or  other 
caaKa.  It  is  greatly  delayed  if  the  coagulability  of  the  blood  is  dimimshed 
from  aoeamnlation  of  carbonic  acid  in  the  blood  for  instance. 

Finally,  about  twenty -four  hours  after  death,  signs  of  deoompoaatioii 
heoome  apparent,  first  b}*  greenish  discoloration  of  the  abdominal  walls,  later 
hy  widespread  green  and  reddish-brown  discolorations  of  the  skin  and  internal 
arganSk  by  the  formation  of  gas,  loosening  and  separation  of  the  epidermis^  and 
hgr  other  more  extensive  changes.  It  can  be  eaaily  understood  that  these 
pntiefiKtire  phenomena  appear  earlier  and  proceed  more  rapidly  when  septic  or 
oiber  general  infections  are  present,  in  which  case  the  microbes  which  prodnce 
pntre&ctaon  may  hare  been  widely  distributed  throughout  the  body  before 
death. 

All  these  facts,  however,  do  not  show  us  any  fixed  line  between  life  and 
death.     The  functions  of  the  organs  disappear  with  their  life.     Life  and  death, 
therefore,  merge  insensibly  into  each  otlier,  in  so  far  as  there  are  no  anatc 
histological,  physical,  or  chemical    changes    in    the    component   parts    of 
body  which  can  without  question  be  said  to  be  produced  by  death. 

Theie  are  many  external  influences  which  must  inevitably  cause  dc 
Shonld  a  man  be  torn  into  small  pieces  by  machinery  or  an  exp«Iodon  he  is 
legaDy  dead ;  but,  under  certain  circumstances,  however,  the  individual  parts 
coBtZBae  for  some  time  to  show  unmistakable  signs  of  life,  so  that  they  may 
■nrive  the  organism  as  a  whole.  In  blood  which  has  been  shed,  leuooc^ 
are  still  found  which  manifest  amceboid  movement,  A  piece  of  muscle  or 
nerve  may  perhaps  still  retain  its  excitability  and  respond  to  stimuli,  just 
it  did  during  the  life  of  the  individual.  These  phenomena  must  come  to 
end,  however,  although  the  length  of  time  they  persist  may  vary  greatlj 
Under  the  nucroscope  leucocytes  have  been  seen  to  move  for  a  whole  dayj^ 
Finally,  these  vital  phenomena  cease,  and  then  there  is  a  varyii^  interval 
dozing  which  no  further  changes  can  be  pointed  out.  The  next  changes  are  to 
he  re^tfded  as  poti^morUm,  as  the  result  of  commencing  disintegration  of  the 
tiasne.  The  exact  moment  of  the  death  of  the  tissue  has  not  hm  manifest  in 
this  case;  but^  notwithstanding  this  fact,  differences  of  an  essential 
nmt  he  supposed  to  exist  between  the  living  and  the  dead  state.  The 
however,  will  only  be  understood  when  the  nature  of  the  vital  process 
become  known. 

The  subject  of  ofpareiU  dmik  belongs  to  clinical  medicine,  but  it  must  be 
iodnded  here,  in  so  far  as  it  shows  changes  in  the  course  of  the  physiological 
funeckms  which  can  only  be  thoroughly  discussed  in  connection  with  the 
foregoing  disturbances.  In  apparent  death  the  functions  of  the  organs  are,  as 
a  rule,  maintained.  Respiration  and  circulation,  espedally,  go  on,  although  in 
a  very  slight,  scarcely  perceptible  fashion.  Consciousness  even  may  be 
preserred,  hot  the  muscles  are  still  and  immobile^  either  relaxed  or  rigidly 
eonlncted.  The  condition  of  apparent  death  is  certainly  very  rare.  It  is 
Tifitf^Mff**  oheerred  in  cases  of  cholera,  in  cataleptic  conditions,  in  hysteria,  after 
dxffieuh  labours,  after  long  starvation  or  haemorrhages,  as  the  result  of  soTore 
shodca^  after  inhalation  of  irrespirable  gases,  after  hangiiq^  stnmgulation,  or  long 
sahnersion  in  water,  and  lastly,  in  the  newly-born  child  as  the  result  c3 
asphyxia  firon  prolapse  of  the  oord  and  other  abnormalities  in  child-birth. 
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Local  tissite  death  or  necrosis  may  he  consiJered  in  tke  same  way  as  general 
death.  Separate  parts  of  the  body  may  die  without  necessarily  producing 
death  of  the  rest  of  the  body  or  of  the  whole  indivtiltiai  This  is,  of  course, 
due  to  the  fact  that  many  organs  and  portions  of  organs  in  the  body  are  not 
absolutely  necessary  for  the  maintenance  of  the  life  of  the  ijidividual,  while 
others  are  indispensable. 

Many  external  influences  produce  changes  in  the  tissues,  by  caustic  action, 
by  crushing,  etc.,  which  may  be  looked  upon  as  cause  of  the  local  death  of 
tissue  and,  at  the  same  time,  ai-e  evidence  of  its  occurrence.  If  the  skin  be 
touched  with  a  rod-hot  iron,  it  becomes  cliarped  to  a  certain  extent.  The 
chairing  is  at  once  the  cause  of  the  local  death  of  tissue  and  complete  proof 
that  that  area  of  skin  can  no  longer  be  called  living.  Charring,  cauterisation,  and 
crushing,  therefore,  deiJend  essentially  upon  the  nature  of  the  destructive  force 
which  is  acting.  They  show  no  alterations,  however,  which  would  explain  the 
essential  difl'erences  between  the  living  and  the  dead  condition  of  an  area  of 
tissue.  What  this  difference  is  due  to  is  not  accurately  known.  We  mrawi 
apef'ijij  umj  changes  in  the  rmuiiiifm  of  ilte  tismies^  cajxibk  of  anahmkal^  physical j  or 
chemiatl  danoitstratum,  which  mufiU  explain  the  mUure  of  locul  &r  gtneial  death. 
Here  we  have  an  unanswered  questiofi.  We  only  know  those  changes  in  the 
condition  of  the  tissues  which  are  consequent  upon  local  or  general  death. 
Even  the  miclear  deaths  described  Inj  JFeigti%  doe:^  not  caincidt^  in  paint  of  time^  with 
tii^  ifiOffMnit  of  drath,  hni  appears  as  posi-mortem  or  post-nccrotk  rkin/jt's  in  the 
cmidiiion  of  the  eell  nudd. 

Commencing  decomposition  of  the  tissue,  in  certain  cases,  prevents  the  cell 
nuclei  taking'  on  the  usual  nuclear  stains,  and,  at  length,  causes  their  disappear- 
ance. For  swch  a  process  the  name  nuclear  death  is  misleading.  If  the  post- 
vimiem  and  post-necrotic  disintegrating  processes  be  interrupted  immediately 
after  putrefaction  has  distinctly  begun,  and  the  tissues  be  rapidly  hardened  in 
alcohol,  tlie  staining  capacity  of  the  nucleus  is  well  preserved.  Our  collections 
of  microscopic  preparations  of  dead  tissues  which  have  been  stained  and  mounted 
in  Canada  balsam,  distinctly  show  that  an  individual  or  a  portion  of  tissue  may 
die  without  a  single  cell  nucleus  throughout  the  entire  body  losing  its  capacity 
for  staining. 

Neither  ha-^  the  so-called  nuclear  death  any  necessary  connection  with 
coagulation  of  fibrin  or  the  coagulation  of  the  albuminoid  bodies  contained  in 
the  cells.  In  recent  blood  coagula  the  leucocytes  are  generally  in  good 
condition.  The  persistence  of  their  amceboid  movement  shows  that,  in 
spite  of  the  coagulation  of  fibrin  which  has  taken  place,  they  still  have  the 
properties  of  living  cells,  and  their  nuclei  stain  easily  with  all  the  nuclear 
stains.  Boiling,  alcohol,  etc.,  may  also  cause  the  albumen  of  the  cells  to 
coagulate,  but  the  cells  do  not  thereby  lose  their  Ciipacity  for  staining.  On  the 
contrary,  the  nuclei  actually  stain  more  easily  after  being  acted  on  by  alcohol  and 
other  chemical  bodies  which  produce  coagulation,  than  in  the  living  condition. 
It  would,  therefore,  appear  to  be  more  appropriate  to  use  the  word  dis- 
appearance, instead  of  death  of  the  nuclei,  as  has  already,  in  many  instances, 
become  customary. 

Disfippcarancc  of  the  nuclei,  however,  is  a  somewhat  more  comprehensive 
term  than  nuclear  death.  As  a  matter  of  fact,  disappearance  of  the  rniclei  is 
observed  even  in  ii\nng  cells,  the  reil  blood  cells,  for  instance,  which  arc 
originally  nucleated,  but  aftenvards  lose  their  nuclei.  JPlien  dimppeantnce-  of 
the  nuclei  ocmrs  in  roiribiimipm  with  gennal  m  load  diaih^  it  w,  Iwwcver,  ahmys 
assmtUed  with  poat-mortem  or  post-necrotic  cJumycs  (f  the  component  parts  of  the  tissve^ 
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with  clouding  of  the  cell  protoplasm  or  intercellular  aulDstance,  with  increased 
translucency  and  hyaline  changes  of  the  tissues,  or  mth  liquefaction  and  other 
physical,  chemical,  and  histological  deviations  from  the  normal  antemariem  con- 
dition. After  some  time,  the  'post-morkm  and  poat-necrotic  changes  become 
more  distinctly  \isible  to  the  naked  eye  also.  They  nin  their  course,  however, 
in  very  ditiercnt  fashions,  according  to  the  conditions  imdcr  which  the  necrotic 
portion  is  pkced.  If  the  necrotic  piece  of  tissue  is  exposed  to  external  influences, 
gangrene  develops  after  the  necrosis.  Similar  changes  are  sometimes  observed 
when  there  is  death  of  deeply  situated  tissues,  which  are  removed  from  external 
influences,  but  are  infected  with  putrefactive  microbes.  If,  however,  the 
necrotic  tissue  is  removed  from  extern^d  influences  and  the  action  of  putre- 
factive microbes,  other  changes  develop.  Those  are  afM'tiikniy  hyoUn€  degrnrmtion^ 
liquefaciioit^  atlieroftmtou^  S(t/kning,  and  calaficaium.  The  action  of  microbes  is 
by  no  means  excluded  in  these  cases ;  in  caseation  it  may  even  be  directly 
demonstrated  in  many  cases.  The  saprophjrtes  or  simple  putrefactive  microbes 
are  absent,  however.  It  may  also  be  mentioned  that  the  last-named  vaiicties  of 
retrogressive  tissue  changes  are  jwirtly  present  in  h'ving  tissue  also^  although 
under  special  conditions  which  will  afterwards  be  examined  more  fully. 
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II.  Gangrene,  Mortification 

A  distinction   is  made  lietwecn  dry  and  moist  gangrene   {ffangrcsnui 
and  tjau{^nf'mi  humuh). 

In  ilnj  ffimfjrevt^  the  tissues  become  dense  and  hard,  browti  or  brownish- 
black  (mummijicoikm).  Urent  e\'aporation  is  the  most  important  condition  for 
the  oecurrence  of  this  postnecrotic  change. 

Only  superficially  situated  necrotic  part«  of  the  body  become  mummified, 
and  this  occurs  especially  in  elderly  people,  whose  tissues  have  relatively  little 
water,  and  in  lean,  emaciated  indivitJuals.  A  thick  piiniiiculus  adiposus  appears 
to  make  desiccation  more  ditiicult.  Separation  of  the  epithelium  seems  to 
favour  evaporation. 

3Ioid  gunrfrrne  is  due  to  a  putrefaction  of  necrosed  portions  of  the  body. 
Here,  also,  green,  brown,  and  brownish-black  discolorations  of  the  tissues  are 
present,  with  softening  and  liquefaction.  The  parts  have  a  very  foetid  odour  ; 
vesicles  containing  combustible  gases  also  frequently  form  in  the  necrotic  tissue, 
such  as  hydrogen,  mai-sh-gas,  and  others,  protlucing  putrefactive  emphysema, 
evipky^ftMtous  gangrene.  When  pal{>ated,  the  tissues  may  produce  a  crackling 
noise. 

Spkar^luii,  or  f/)ld  nuyriijicufion^  and  gangrene,  or  Iwt  nu/jtijintlim,  have  also 
been  diatinguishedL  This  distinction  is,  however,  not  quite  appropriate,  in  so 
far  as  it  is  not  the  gangrenous  parts  which  produce  the  high  temperature. 
Local  hyperaemias  frequently  precede  local  necrosis,  however,  and  cause  local 
elevation  of  temperature,  especially  when  the  gangrene  is  produccfi  by  infectiona. 
In  other  cases,  the  temperature  of  small  necrotic  areas,  or  larger,  flat,  extensive 
gangrenous  parts  may  be  greatly  raised  by  the  hypersemia  in  the  vicinity. 
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The  factors  whicb  produce  necrosis,  with  consequent,  moist,  or  dry  gangrene, 
are  very  numerous.     The  most  important  are  : — 

1.  Ejireme^^  of  iemgendwe^  freezing,  severe  scalds,  and  burns. 

2.  ImmX  action  of  caiistic  diemical  ageids.     Caustics. 

3.  Gmcral  toxic  condiHans.     Ergotism. 

4.  Infedions. 

5.  Local  premtre,  giving  rise  to  anaemia. 

6.  Anffiosclrrnsis. 

7.  Nervf  ksitms. 

Among  the  many  infective  poisons  which  give  rise  to  more  or  less  extensive 
necrosis,  the  principal  are  the  hacillus  ri?dematis  maligni  and  bacillus  emphyse- 
matia  mahgni  already  described,  which  seem  to  be  present  in  the  soil  as 
anasrobic  saprophytes.     They  obtain  access  to  the  body  through  injuries  inflicted 


Pia.  240.— Dry  gugrane  produced  by  froBt-blte  on  Ui6  foot  of  a  wouuna  of  Iweiity-ave.    Commenei&g  Utio  of 

d<>inarcatlon. 

by  agricidtural  machines  and  other  like  accidents.  They  give  rise  to /»f?ipf A^'tv 
emphijaemaUfUi!.  gaucftem  ("  gas  gangrene'*).  From  the  wound  they  rapidly  extend 
into  other  areas  of  the  tissue,  in  which  they  cause  extensive  sero-ha^morrhagic 
exudations  and  emphysema.  The  tissues  in  the  neighlwurhood  become  greatly 
swollen  and  t»f  a  floughy  consi.stence,  similar  to  that  found  in  cudematous  con- 
ditions, while  on  palpation  the  finger  elicits  the  erackling  produced  by  the  gas 
vesicles,  as  they  are  compressed  and  displaced.  Local  death  of  tissue  follows 
nipidly,  producing  green,  gangrenous  discoloration.  The  progress  of  the  disease 
is  very  xapid.  In -twelve  to  twenty-four-  bom's  after  the  first  appearance  of  the 
small  green  discolorations  in  the  injured  area  of  the  skin,  the  swelling,  discolora- 
tion, and  the  formation  of  buUa^  cont^iining  gas  have  extended  over  the  whole  of 
an  extremity,  or  over  the  greater  jiart  of  the  ti-unk,  and,  in  a  short  time,  the 
patient  succumbs  to  general  blood-poisoning  (intoxication).  By  careless  treat- 
ment the  infection  may  be  conveyed  by  doctors  and  nurses  from  one  patient 


374 


DECUBITUS 


to  another.  This  is  one  of  the  forms  of  fiospiial  gangren^^  which  finds  its 
victims  in  overcrowded  poorhoiisea  and  hospitals.  As  Chiiiri  has  shown, 
emphysematous  gangrene  after  infection  by  the  bacterium  coli  commone  takes 
the  same  course. 

Pressure  gangrene  or  decubitus  has  already  been  mentioned  in  dealing  with 
hypostasis.  External  pressure  on  individual  parts  may  narrow  the  capillaries, 
and  if  continued  sufficiently  long,  may  give  rise  to  necrosis  by  interrupting  the 
supply  of  blood  and  thus  arresting  local  metabolism.  Lowering  of  the  blood- 
pressure  and  consequent  hypostasis,  of  course,  favoui'  the  occunence  of  com- 
pression of  the  capillaries.  The  chief  point,  however,  is  that  patients  who  are 
seriously  ill  alter  their  position  in  bed  very  little,  and  thus  some  parts  of  the 
skin  are  constantly  pressed  upon  and  constantly  anaemic.  The  necrosis,  there- 
fore»  develops  chiefly  in  the  skin  and  soft  parts  covering  the  prominent  |X>rtion8 
of  the  skeleton  which  support  the  body — on  the  sacrum,  the  shoulder-blades, 
great  trochanters,  condyles  of  the  femur,  malleoli,  and  on  other  similar  parts. 
Emaciation  favours  the  occurrence  of  necrosis,  by  limiting  the  pressure  of  the 
weight  of  the  body  to  smaller  areas  of  skin,  while  a  well-devciopcd  panniculus 
adiposus  acts  like  a  cushion  and  distributes  the  pressure,  thus  lessening  the 
amount  on  each  individual  skin  area.  The  necrotic  portions  are  generally 
attacked  by  putrefaction — that  is,  by  moist  gangrene.  In  patients  who  are 
much  exhausted  this  leads  reatlily  to  general  septic  intoxications  and  infections 
which  are  usually  fatal.  It  is  often  difficult  for  the  physician  to  prevent  bed-sores, 
but  by  doing  so,  he  may  frequently  have  an  opportunity  of  Siiving  life.  It  is 
particularly  necessary  that  the  position  of  the  patient  be  properl}^  changed. 
Those  puta  of  the  skin  which  are  exposed  to  the  pressure  of  the  weight  of  the 
body  may,  at  any  time,  become  anaemic  if  this  pressure  bo  not  eipially  dis- 
tributed over  large  areas  by  special  precautionary  measures.  Experience  shows, 
however,  that  skin,  muscle,  and  fatty  tissue  may  have  their  blood-supply  cut  ofl' 
for  hours  together  without  necrosing.  Change  of  the  position  of  the  body  in 
be<l  should  therefore  be  sufficient  to  obviate  bed-sores,  urdess  disturbances  of  the 
vaso-motor  or  trophic  innervation  aggravate  the  condition. 

On  the  surface  of  the  mucous  membranes  of  the  mouth,  larynx,  and  other 
parts,  as  well  as  in  the  deep  portions  of  the  parenchyma  of  organs,  jiressiu^ 
necrosis  may  occur.  The  description  of  these  must,  however,  be  deferred  to 
the  si>ecial  jmrt  of  this  work. 

The  f<tnns  of  gangrtM  connected  toith  disease  of  the  vesseh,  which  mainly  involve 
the  extremities,  are  of  gi'oat  importance. 

It  is  clear,  in  the  first  place,  that  multiple  emboli  or  extensive  thromlxjsis 
of  the  arteries  or  veins  in  any  part  of  the  body  interfere  with  its  nutrition  and 
result  in  gangrene,  if  the  necrosed  part  is  exposed  to  the  action  of  the  air,  or, 
at  least,  to  the  attacks  of  putrefactive  microbes.  Constriction  of  the  limbs  by 
tight  bandages  and  other  similarly  acting  causes  have  a  like  result,  since  tbey 
produce  a  continued  interruption  of  the  circulation. 

Experience  has  shomi,  however,  that  in  many  cases  a  simple  embolus  or 
ligature  of  the  main  artery  of  an  extremity  leads  to  necrosis  and  subsequent 
gangi'ene,  whereas,  if  the  vessels  had  been  perfectly  healthy,  we  shoidd  have 
expected  simply  the  development  of  collateral  circulation.  The  question 
immediately  arises,  whether  [jathologic^d  conditions  of  the  arteries  may  not 
contribute  to  the  occiurence  of  gangrene.  The  observations  of  the  older 
physicians  have  thi"Own  much  light  on  this  point.  It  was  found  that,  in 
amputations  of  gangrenous  limbs,  where  the  incision  was  made  in  living  tissue, 
the  arteries  did  not  spout,  or  did  so  only  very  slightly,  but  were  converted 
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into  firm  cords.  Laeniiec,  Dupuytren,  and  Cruveilhier,  therefore,  tried  to  ex- 
plain the  condition  by  the  ussumption  of  an  acute  or  chronic  inflammation  of 
the  arteries.  Histological  investigation,  however,  only  shows  angiosderom, 
with  and  without  thrombosis  and  embolism. 

Virchow  has  already  drawn  attention  to  this  fact.  He  found  that  the 
artery  was  very  commonly  diseased  throughout  a  large  extent,  here  sclerosed, 
there  atheromatous  or  calcified,  sometimes  also  dilated.  He  could  not,  however, 
accept  these  changes  as  sufficient  cause  for  the  gangrene^  since,  even  in  veiy 
extreme  sclerosis,  gangrene  did  not  always  occiu'.  Ho  directeil  attention 
to  the  condition  of  the  heart.  When  the  gangrene  developed  in  elderly 
indinduals,  the  heai't  proved  to  be  atrophic  or  fatty.  We  are  quite  justified 
in  inferring  from  these  facts  that  the  heart  is  functionally  weak,  and  therefore 
catmot  properly  nourish  the  remote  vascular  areas  of  the  extremities. 

Skagg,  Sfivory,  Jasche,  anrl  Burow  have,  however,  observed  analogous 
forms  of  gangrene  in  younger  individuals,  between  twenty-two  and  fort}'  years 
of  age,  whose  hearts  did  not  show  any  noticeable  changes.  Therefore,  after 
Friedliinder  thought  he  had  discovered  a  special  form  of  arterial  disease  in 
obliterative  endarteritis,  Billroth  and  Winiwarter  tried  to  demonstrate  that  this 
obliterative  endarteritis  was  also  the  cause  of  spontaneous  gangrene  of  the 
extremities  Ixith  in  young  and  in  old  subjects. 

This  view  cannot,  however,  bo  regarded  as  proved.  E.  Weiss,  who  tested 
the  investigations  of  Winiwarter  on  suitable  cases  here  in  Dorpat,  and  con- 
firmed his  discoveries  on  all  essential  points,  showed  that  these  wore  to  be 
referred  to  a  high  degree  of  arterial  sclerosis  of  the  larger  and  smaller  arteries, 
with  consequent  thrombosis  and  replacement  of  the  thrombus  by  connective 
tissue.  "VYhat  Winiwarter  and  Billroth  regard  us  the  product  of  an  obliterative 
endarteritis  or  an  inflammation  is  a  thromlms  replaced  by  connective  tissue. 
This,  as  I  am  fully  convinced,  ciin  bo  distinctly  seen  by  a  comparison  of 
Weiss 's  preparations  and  Winiwarter's  dr-a wings. 

It  is  proljable  that  the  old  "  organised  "  thrombus,  in  the  case  described  by 
Weiss,  formed  in  a  vessel  with  a  high  degree  of  aiteriosclerosis,  might  be  the 
cause  of  local  tissue  death  and  gangrene.  Thromboses  are  observed  throughout 
all  i>art5  of  the  vascular  system,  however ;  they,  therefore,  cannot  explain  why 
spontaneous  gangrene  should  select  the  peripheral  parts  of  the  extremities  in  such 
a  marked  fashion.  The  researches  of  Sack,  Mehnert  and  Bregmann,  undertaken 
at  my  suggestion,  have  demonstrated  that  arteriosclerosis  selects,  in  a  most 
remarkable  way,  the  arteries  and  veins  of  the  leg  and  foot,  the  fore-arm  and 
hand.  If  one  adds  to  this  that  angiosclerosis  appears  between  the  thirtieth 
and  the  fortieth  years,  sometimes  considerably  earlier,  and  goes  on  increasing 
more  and  more  during  the  remaining  period  of  life,  it  can  be  understood  why 
spontjineous  gangrene  preferahly  attacks  the  terminal  portions  of  the  ex- 
tremities, and  is  found  comparatively  frequently  in  elderly  individuals  {miile 
(janifreM)^  but  without  being  limited  to  old  age. 

The  rheumatoid  pains  which  often  precede  the  appearance  of  gangrene  for 
many  years,  may  further  be  cited  in  support  of  the  dependence  of  these  forma 
of  gangrene  upon  angiosclerosis.  AJJ  cases  of  arterial  sclerosis  are  not  accom- 
panied by  marked  pain  in  the  limbs,  but  still  these  rheumatoid  pains  are 
very  frequently  associated  with  arteriosclerosis  and  phlebosclerosis,  which, 
together  with  the  associated  diseases  of  the  capillaries,  make  up  angio- 
sclerosis. These  pains  are  certainly  generally  ascribed  to  bo -called 
rheimiatism  in  the  fascire,  in  tendons,  and  even  in  muscles.  No  histo- 
logical  changes  are  found,  however,  in  these  pails,  and  on  the  other  hand 
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tho  veins  and  arteries  ure  more  or  less  distinctly  sclerosed.  The  fact«  which  I 
have  established  relative  to  the  nerve-endings  in  the  vessel  wall,  the  Pficiniau 
bodies,  acute  aortitis,  localisation  of  diffuse  arteriosclerosis  and  phlebo- 
aclerosis,  siipra-orbittil  neuralgia,  hemicrania,  and  arteriosclerotic  anearisra, 
show  that  the  arterial  wall  may  be  the  seat  of  very  acute  pain,  that  aiterio- 
sclerosis  sometimes  begins  and  runs  its  course  with  groat  pain,  and  that  it  is. 
related  to  neuialgias  and  vaso-raotor  disturbances.  Angiosclerotic  pain  is  one 
of  the  most  important  symptoms  of  angiosclerosis,  even  tdthougji  it  frequently 
bears  the  name  of  rheumatic  pain.  These  views  of  mine,  founded  on  combined 
anatomical  and  clinical  investigations,  and  more  fully  explained  in  my  lectures^ 
have  been  supported  and  confirmed  by  the  interesting  clinical  observations  of 
Zoege  v.  Manteufiel,  who  also  suggested  the  work  of  Weiss.  I  must  defer  a 
more  minute  account  of  this  and  of  the  theory  of  rheiimatism  to  a  later  occa- 
sion, and  beg,  in  this  connection,  to  be  allowed  to  refer  to  the  consideration 
of  arterio-  and  plilel^o-sclerosis  in  the  special  jiart  of  this  work. 

On  the  strength  of  this  expbination,  wo  can,  with  greater  right  than  before^ 
describe  angiosclerotic  ganyrcm  as  a  special  form  of  gangrene.  We  must  agree 
with  Virchow,  however,  when  he  maintains  that  disease  of  the  arteries  alone  is 
no  sufficient  explanation  for  the  occurrence  of  gangrene.  High  degrees  of 
sclerosis  of  the  arteries  of  the  hand  and  foot  are  only  too  common.  Gangrene, 
on  the  other  hand,  is  a  comparatively  rare  disease.  There  can  be  no  doubt 
that  the  rigid  wall  and  very  tortuous  course  of  highly  sclerosed  arteries  ofl'er 
considerable  rOvsiatiince  to  the  blood-stream.  These  changes  alone  would  not 
easily  produce  gangrene,  hi>wever,  since,  at  first,  tho  lumen  of  the  vessel  is  not 
diminished  by  sclerosis.  Wo  must  rather  assume  that  further  events  embarrass 
the  circulation.  These  may  be  accidcnUil  or  in  immediate  relation  to  the 
arteriosclerosis. 

Among  the  accidental  causes  which  seem  bo  have  a  tendency  to  produce 
necrosis  and  gangrene  when  a  high  degree  of  arteriosclerosis  is  alrea*ly  present, 
we  may  mention,  in  the  first  place,  slight  injuru'^i  which  would  be  insignificant 
under  other  circumstances.  Those  are  frequently  said  to  be  the  starting- 
point  of  so-catled  spontaneous  gangrene.  In  consequence  of  slight  contamina- 
tion of  the  wound,  hypenr.-miiis  and  serous  exudations  occur  in  its  neighbour- 
hood, causing  marked  swelling.  The  redness  spreads  further,  assumes  a  dark 
purple  colour,  and  the  tissues  become  insensitive  to  external  iojuiies,  although 
the  jmtient  still  has  violent  pjiin  in  the  anipsthetic  area  (the  pain  arising  from 
the  nerve-trunks).  The  epiderniia  becomes  raised  by  an  accumulation  of  8ei*o- 
haemorrhagic  exudation  in  the  lower  layers  of  the  rete  Malpighi  (gangi'enoti& 
vesicles).  The  tissues  show  small  black  and  greenish  spots.  The  disease 
advances  rapidly  in  consequence  of  the  deficient  supply  of  blood,  and  large 
portions  of  tho  extremities  are  overtaken  by  local  necrosis  and  gangrene.  Low 
tempeiviturea  act  in  a  similar  fashion,  the  tissues  yielding  to  a  Matirrhj  slight 
degree  of  cold. 

Angiosclerosis,  however,  contiins  in  itself  conditions  which  tend  consider- 
ably to  disturb  the  circulation  of  the  bloo<l  It  may  happen  that  the  sclerosed 
arterial  wall  is  attacked  by  h»/alim  drf/nwrafUm  or  ttthrnmiatmij^  mfteinng.  These 
appearances  are  the  direct  consequences  of  arteriosclerosis.  In  hyaline  de* 
generation  or  atheromatous  softening,  the  vessel  wall  swells  up  and  projects  into 
tho  lumen.  The  latter  is  thus  narrowed.  The  diseased  condition  of  the 
arteries  also  hinders  the  development  of  a  collateral  circulation,  so  that,  under 
certain  circumstances,  some  parts  of  the  peripheral  area  supplied  by  them  are 
deprived  of  their  blood-supply  and  become  gangrenous. 
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The  giirigrene  aiuaed  by  emIjoUr  ordudi/TK^  and  thmmhosci^  of  the  peripheral 
arteries,  when  the  coexistent  arteriosclerosis  is  extreme,  is  due  to  a  similar 
cause.  The  emboli  are  ofteo  derived  from  thrombi  which  have  formed  on 
the  scleroseil  or  atheromatous  aorta,  or  on  the  valves  of  the  heart.  Thrombosis 
may  occur  in  the  same  way  in  the  arteries  of  the  diseased  extremities,  altliough 
thrombosis  here  may  have  only  occurred  secondarily,  by  extension  of  the 
coagulation  in  the  arteries  of  the  gangrenous  ixirt.  In  any  case,  thrombi, 
whether  embolic  and  impacted,  or  occun*ing  in  situ  in  the  sclerosed  extremities, 
form  ati  oxceedin^^ly  serious  complication  which,  in  certain  cases,  must  cert'iinly 
be  regarded  as  the  cause  of  the  necrosis  and  gangrene  which  have  appeared. 

Lastly,  it  should  be  noted  that  the  dismM'.'i  of  the  penpheml  mpilhrries 
which  accomiumy  arteriosclerosis  may  be  of  some  importance.  These 
capillary  diseases,  alre,^Ldy  mentioned  under  tetlema,  occur  chiefly  in  the 
terminal  portions  of  the  extremities  and  manifest  themselves  by  increasorl  per- 
meability of  the  vessel  wall,  and  frorjuently  also  by  increjise  of  the  frictional 
resistance  to  the  blood -stream.  The  latter  is  subjectefl  to  a  delay  which  is 
also  apparent  in  the  arteries  and  gives  rise  to  formation  of  new  connective 
tissue  within  their  intima.  The  lumen  of  the  arteries  is  therefore  narrowed. 
All  these  disturbances  result  in  a  less  copious  supply  of  blotnl  to  the  terminal 
portions  of  the  extremities.  The  thickening  of  the  arterial  wall  by  sclerotic 
connective  tissue  impairs  the  tone  of  the  vessel  wall,  and,  at  the  same  time, 
hinders  the  development  of  reactive  circulatory  changes  after  the  occun-ence 
of  externul  injuries.  The  imperfectly  nourished  tissues  are  therefore  less  able 
to  resist  trifling  external  influences,  such  as  injury,  pressure,  or  cold,  and  are 
therefore  more  liable  to  gangrene. 

The  lessened  power  of  resistance  of  the  tissues  towards  external  influences 
is,  at  present^  usually  ascribed  to  didmhinces  of  trophk  innermtmn  (vSamuel, 
Charcot,  Erb).  In  the  special  part  of  this  work,  in  the  consideration  of  the 
diseases  of  the  vessels,  attention  will  be  drawn  to  the  fact  that  the  peculiar 
localisation  of  arteriosclerosis  in  the  terminal  portions  of  the  extremities  is 
dependent  upon  dktnrhnuces  of  the  tmw  and  vajta-motor  innrrmtion  of  the  arterial 
vmH.  At  present,  however,  it  appears  desirable  to  describe  some  further 
varieties  of  !o<^'il  death  of  tissue  which  are  auppoaed  to  be  distinctly  dependent 
ujjon  disturbances  of  trophic  innervation. 

Among  these,  sj/tmiuiiicut  gaitiprne  may  be  mentioned  first.  It  very 
frequently  involves  the  terminal  joints  of  both  hands  or  both  feet.  Less 
frequently  it  is  observed  in  the  ears,  the  cheeks,  or  the  nose.  These  are  parts  of 
the  hody  which  are  exposed  to  great  variation  of  temperatm*e,  and  tire  therefore 
subjected  to  considerable  changes  in  the  vaso-motor  innervation.  The  relations 
of  the  latter  to  arteriosclerosis  have  just  been  mentioned.  It  therefore 
appears  to  me  not  improbable  that  many  cases  of  this  kind  must  be  classed  a.s 
arteriosclerotic  gangiene,  amongst  others  the  case  of  a  washerwoman,  observed 
by  Dehioj  which  I  had  an  opportunity  of  seeing.  The  Bymmetricvl  appear- 
ance of  the  gangrene  is  simply  ex]Tilained  by  the  fact  that  arteriosclerosis 
invariably  occurs  symmetricjilly.  It  may  be  relatively  greatly  developed  in 
the  hands  of  a  iivasherwoman,  whose  ciiUing  necessitates  the  exposure  of  her 
hands  to  very  frequent  and  marked  changes  of  tem[>eraturc.  The  ^iew,  that 
symmetrical  gangrene  may  be  the  result  of  a  lesion  of  trophic  nerves,  is, 
however,  supported  b}'^  the  ascertained  fact  that  this  form  of  gangrene  develops 
in  parts  of  the  body  which  had  p^c\^oualy  been  somewhat  abnormal,  had  been 
painful,  easily  renderefl  ancemic  or  bluish-red  when  chilled,  and  manifested 
other  disturbances.     These,  however,  are  phenomena  which  need  not  neces*i,rily 
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l>e  referred  to  disturbances  of  trophic  inner\''ation,  but  may  perfectly  well  be 
the  result  of  local  disease  of  the  vessels  also  (liayiiaud's  disease). 

The  comparatively  frequent  occurrence  of  gangrene,  from  pressnrty  the  dradntim 
itf  spinal  rcird  dkeme,  is  not  necessarily  connected  with  disturbances  of  the 
trophic  innervation,  although  at  present  this  is  the  generally  accepted  explana- 
tion. In  the  first  place,  the  want  of  movement  of  the  parts  of  the  body, 
brought  about  by  the  spinal  lesion  in  those  diseases,  is  of  great  importance,  as 
V.  Recklinghausen  proved.  The  result  of  the  absence  of  movement  is  that  the 
soft  parts  on  which  the  weight  of  the  body  rests  for  a  relatively  long  time, 
become  anaemic  from  pressure.  They  therefore  necrose  and  are  attacked  by 
gangrene.  The  gangrene  is  limited,  therefore,  to  the  soft  portions  covering  the 
bony  prominences  in  the  dependent  parts  of  the  body,  the  shoulder-blades, 
sacrum,  trochanters,  malleoli,  etc.  It  is  scarcely  possible,  however,  to  avoid 
pressure  gangrene  by  frequent  change  of  position,  when  there  is  interruption  of 
nerve  conduction  in  the  spinal  cord.  This,  undoubtedly,  paitly  depends  upon  the 
fact  that  the  choice  of  position  becomes  vqyj  limited.  Frequent  change  of 
position,  however,  combined  with  other  precautions  in  nursing,  is  sufficient 
to  avert  the  occurrence  of  decubitus  in  other  diseases.  In  transverse 
crushing  or  other  severe  injury  to  the  spinal  cord  there  must,  therefore,  be 
some  other  peculiarity  in  the  condition  of  the  tiaaue.  Some  have  foimd  this 
in  disturbances  of  trophic  innervation.  It  would  also  be  possible  to  attribute 
it  to  disturbances  of  the  \aso-motor  innervation,  all  the  more  because  this 
can  be  directly  demonstrated  in  most  cases. 

This  applies  most  especially  to  the  antti:  fh^t^thilitu  which  set^  in  with  great 
rapidity  in  a  few  days  after  a  severe  injiury  to  the  spine,  transverse  crushing 
of  the  spinal  column,  for  instance,  and  which,  according  to  Charcot's  views,  is 
not  always  associated  with  prc\nous  pressure  on  the  parts.  Erb,  who  certainly 
regards  the  disturbance  as  trophoneurotic,  describes  the  onset  of  the  gangrene 
in  the  following  words  : — *'  On  a  portion  of  skin  exposed  to  pressure  or  to  some 
iiritation  or  other  (sometimes,  however,  without  any  such  cause),  erythematous 
spots  appear  which  soon  become  covered  with  vesicles  and  bullse,  the  content« 
of  which  are  at  first  clear,  but  rapidly  liecome  red  or  brown.  Under  favourable 
conditions  these  vesicles  may  dry  up  and  recovery  ensue  without  further 
disturbance.  Usually,  however,  this  is  not  the-  case.  The  vesicles  break  and 
leave  unhealthy  ulcerations  Ijehind,  the  floor  of  which  is  formed  by  inflamed 
skin,  with  haemorrhagic,  and  generally  also  phlegmonous  infiltration.  The 
floor  of  the  ulcer  necroses  and  l>ecomes  gangrenous,  and  as  the  inflammation 
tends  to  spread  over  an  increasing  area,  the  gangrenous  destruction  advances 
more  and  more  deepty,  laying  bare  tendons,  fasciae,  ligaments,  and  bones."  In 
this  descri])tion  the  disturbance  of  vaso-motor  innervation  is  obvious  enough 
as  the  starting-point  of  the  disease,  as  also  is  the  abnormal  course  of  the  re- 
active circulatory  disturbance  after  the  primary  loss  of  epithelium  has  occurred. 
Suppuration  and  gangrene,  however,  indicate  the  subsequent  co-operation  of 
living  infective  agents  which  spread  comparatively  easily  in  tissues  injured  by 
serious  circulatory  disturbances. 

In  rhronk  dernhitus  also,  which  accompanies  protracted  diseases  of  the  spinal 
cord,  the  vaso-motor  disturlmnce  h  very  noticeable,  even  although  the  gangrene 
in  this  case  is  more  definitely  confined  to  the  area  of  skin  which  is  ex]x>sed  to 
external  pressure.  The  disturbances  of  the  vaso-mot-or  innervation  must  also 
be  given  a  more  prominent  part  in  the  explanation  of  leprous  mutilations 
and  perforating  ulcer  of  the  foot. 

In  Ifprcnts  affections  of  the  nerves  complete  sensory  paralysis  is  olwerved  in  the 
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area  supplied  by  their  peripheral  bmnches.  Sometimes  deep  ulceration  and 
necrosis  afterwai*ds  occur  which  lead  ultimately  to  the  sloughing  off  of  small 
or  large  terminal  joints,  and  thus  give  rise  to  mutilation.  The  setieory  paralysis 
is  often  responsible  for  this,  since  patients  sometimes  exjKise  their  anipsthetic 
limbs  in  a  most  thoughtless  fiishion  to  serious  external  injuiy — heat,  frost,  or 
traumatism.  Ulceration,  gangrene,  and  mutilation  are  thus  merely  consequences 
of  the  injuries.  From  the  beginning,  however,  they  assume  a  serious  char- 
•jwter,  since  the  leprous  parts  of  the  body  offer  only  slight  resist^ujce  to  the 
ivancing  disintegration  of  tissue.  This  is  partly  due  to  the  dense  cell  iiitiltra- 
tion  and  to  the  presence  of  innumerable  lepra  bacilli,  but  no  doubt  also  in  part 
to  distiu-bance  of  innervation.  This  disturbance  api>ear8  not  only  as  a  sensory 
paralysia,  but  also  as  a  vaso-motor  disturbance  which  manifests  itself  in  tho  red 
and  brownish-red  margin  of  the  aniesthetic  areas  of  skin,  in  diffuse  erythemata, 
in  aniemic  spots  on  the  skin,  and  finally,  in  the  imperfect  development  of  the 
circulatory  reaction  in  the  flw^rs  of  ulcers  and  in  wounds. 

Pfrfomling  nicer  of  the  fmf.  agrees  in  many  respects  with  these  lesions.  The 
skin,  in  these  (^ses,  breaks  down  at  the  parts  which  are  specially  exposed  to 
the  pressure  of  the  weight  of  the  body  in  standing  and  walking.  An  ulcer  is 
formed,  covered  by  granulations  which  discharge  offensive  pus  and  continue  to 
extend  deeper.  In  the  first  place,  the  sheaths  of  the  tendons  are  opened  and 
the  suppuj'ation  thus  spreads  far  within  the  soft  parts  of  the  foot.  The  bones 
are  then  gradually  ex|>osed  and  undergo  necrosis.  In  many  cases  gangrenous 
disintegration  is  associated  with  the  further  spread  of  the  suppuration  into  the 
soft  parts  of  the  sole  of  the  foot.  This  is  manifested  by  the  usual  green 
discoloration.  The  characteristic  features  of  the  disease,  how^ever,  are  the 
slow  but  uninterrupted  progress  of  the  ulceration,  as  well  as  the  imperfect 
formation  of  a  proper  circulatory  reaction,  wliich  favours  the  further  progress 
of  suppuration  and  putrefaction.  In  a  few  cases,  injuries  to  which  the  anaes- 
thCvsia  was  due  could  bo  dcmojistnvted  at  the  siime  time  in  the  nerves  of  the  part. 
In  other  cases  the  ana-sthesia  seemed  to  have  been  the  result  of  degenerative 
processes  in  the  nerves.  In  any  case,  sclerosis  of  the  arteries  of  the  leg  and 
foot  is  also  responsible,  since  it,  as  much  as  the  nerve  lesions,  renders  the 
tissues  less  resistant  toward  such  destructive  processes. 

Lastly,  ganrfreru',  frwa  tryatuiit  will  be  briefly  discussed.  The  disease  of 
grain,  called  ergot  of  rye,  is  comjnon  enough.  The  poison  of  the  ergot,  how- 
ever, loses  a  great  part  of  its  activity  if  stored  for  a  long  time,  and,  therefore, 
gangrene  from  ergot-]joisoning  ilevelops,  us  a  nde,  after  a  year  of  famine,  which 
forces  the  peasant  to  convert  the  new  harvest  directly  into  bre^id.  Gangrene 
is  then  comparatively  coimnon.  The  de^ith  of  the  tissue  is  preceded  by  sensory 
and  vaso-motor  disturbances,  formication,  pain,  antesthesia.  At  first  the  skin 
becomes  ptile,  then  it  reddens ;  vesicles  and  pustules  appear ;  and  finally,  local 
death  of  tissue  or  gangrene  sets  in,  again  mainly  affecting  indi\iduala  at  an 
advanced  age,  and  in  them  the  terminal  portions  of  the  extremities.  It 
appears  from  the  experiments  of  Kol>ert^  who  wa^  able  to  produce  gangrene  of 
the  comb  and  point  of  the  tongue  in  cocks  by  administering  preparations  of  ergot, 
that  in  gangrene  from  ergotism^  pre-existing  arterial  sclerosis  of  the  extremities 
can  only  be  regarded  as  a  cause  which  predisposes  to  the  occurrence  of  local 
death  of  tissue.  The  symptoms  observed  m  man  indiaite  that  the  poison  of 
ergot  gives  rise  to  marked  and  persistent  contraction  of  the  sm^iU  aiteries,  thus 
causing  local  aniemias  which  bring  on  gangrene. 

For  gangrene  of  the  lungs,  and  many  other  forms  of  gangrene,  reference 
must  be  made  to  the  special  pathological  anatomy.      In  the  description  of 
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healing  wounds^  the    process  of   limitation,   demarcation,   and    separation   of 
gangrenous  parts  vnW  be  considered. 


Literature 

CmABI— Prager  me^l,  Wochenschr,,  1893,  No.  1. 

DupuYiUEX — Lemons  oralea     Paris,  1834. 

CiiuvEiLniEu — Aoat.  path,  gera,     Paris,  1862. 

R.  Vinoiiow— Handbuch  d.  spec.  Pathol,  iind  Therapie,  vol.  i.     KibsgBn,  1854. 

Skeoo — Schmidt's  Jalubuch,  vol.  Ixx. 

Savory — Schmidt's  Jahrbuch,  vol.  xcrL 

Ja»che — Arch.  klia.  Cibir.,  vol.  vi 

BuRow— Arch.  f.  path.  Anat.,  vol.  xxxviii. 

F.  V.  WiNiWATiTRR— Arch.  f.  klin.  Chir.,  vol.  xxiii. 

Billroth— Chinirgischo  Klinik.     Vienna,  1871-76. 

E,  Weiss — Unttrauchungen   ueber  die  spontane  Gangrene  der  Extremitaten   und   ihre  Ab- 

hiingigkeit  von  Gefasserkrankungen.     Diss.  Dorpat,  1S93. 
Sack— Arch.  f.  path.  Anat.,  vol.  c\\l,  1888. 

MnifXF.nT — Ueber  die  topograph iacbe  Verbreitung  der  Angioskleroae,  etc.     Diss.  Dorpat,  1889, 
BnEc;MAN.v— Ein  Ikitragzur  Kenntuiaa  der  AugioBkleroso.     DoriJat,  18&0, 
TnoMA — Arch.  f.  path.  Anat.,  vols.  xciiL,  cxi.     Deutsche  Arch.  f.  klin»  Med.,  vol.  xliiL 
Sajmi'EL— Die  tropMschen  Nerven.     Berlin,  1860. 
Chaucot— Klin.  Vortrag  ueber  Krankheiten  des  Nervensystema,  translated  from  the  French 

by  r.  Fetzer.     Stuttgart,  1874. 
Ebb — Krankheiten  deu  Ruckenmarkos.     Hondbucli  der  spec.  Path,  and  Therapie,  vol.  xi. 

Leipzig,  1876, 
Dehio — St.  Petersborger  med.  Wochenschr.,  1802. 

V.  Recklinguausrn — Allgc.  Pathologii'  dea  Kreislaufes  u.  d.  Erniihraiig.     Stuttgart,  1883. 
KoD£RT — Ueber  die  Bestandtheile  und  Wirkungen  des  Mutterkorns.     Leipzig,  1884. 
ZoEUK  V.  ]kLLNTEUFFEL — Arch.  f.  klin.  Chir.,  vola.  xliL,  xlv.    Dcutache  med.  Wochenschr.. 

1891. 

m.  Caseation 

By  caseation  or  caseous  degeneration  we  understand  the  transformation  of  a 
tissue  into  a  substance  which  greatly  resembles  hard  or  soft  cheese,  both  to  the 
naked  eye  and  under  the  microscope.  Under  the  microscope  caseated  tissue 
appears  as  a  finely  or  coarsely  gramilar  mass  which  has  more  or  less  completely 
lost  the  original  structure  of  the  tissue  (Fig.  247).  The  nuclei  of  the  cells 
have  disjippcarod  or  lost  their  power  of  staining.  Little  or  nothing  can  be 
recognised  of  the  fibres  of  the  tissue. 

Virchow  explained  this  change  as  a  finely  granular  degeneration  of  the 
tissue   into  albuminous  and   fatty   molecules  with  subsequent   thickening — 

Weigert  drew  attention  to  the  fact  that  although  caseous  areas  of  tissue 
usually  become  dense  and  hard,  they  do  not,  however,  diminish  in  bulk,  as 
would  be  required  by  Virchow's  theory.  Casejdion  ought,  therefore,  to  be 
regarded  as  a  necrosis,  associated  with  coagulation  of  the  albumen — aiagnla- 
timi  tu'crotiU.  The  coagulation  involves  the  albumen  of  the  cells  and  the  fibrin- 
containing  fluid  which  transudes  into  the  caseous  are^  from  the  neighbourhood. 
Besides  the  coagulation  of  the  albuminoid  part  of  ttie  cells,  death  of  the 
nucleus  occurs,  as  shown  by  the  fact  that  the  nuclei  lose  their  capacity  of 
taking  on  and  retaining  the  usual  nuclear  stains. 

It  has  already  been  mentioned  that  the  phenomenon  of  death  or  disappear- 
ance of  the  nuclei  appears  under  the  most  varying  conditions,  even  in  simple 
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putrefaction,  so  that  the  diaappearance  of  the  nuclei  is  not  distinctive  of  the 
process  of  caseation.  The  theory  of  coagiilative  necrosis,  however,  which  is 
also  concerned  in  a  number  of  v^rj  different  ixithological  processes,  is  founded 
upon  the  attempt  to  deduce  chemical  processes  in  the  tissue  from  changes  in 
its  histological  structure.  Such  attempts  are  by  no  means  unjustified.  On 
the  contrary,  if  histology  and  physiological  and  jiathological  chemistry  are  to 
be  mutually  beneficial  and  to  reach  their  common  aim,  those  conclusions  which 
unite  the  boundaries  of  the  two  sciences  are  necessary  and  unavoidable. 
They  must,  however^  be  carefully  examined  and  demonstrated. 

Ilui  chemit'tU  cDmpasiiwn  of  auanis  tissue  has  not  us  yet  he^m  chmly  inmsfujatedy 
and  we  are  therefore  not  in  a  position  to  define  clearly  the  chemical  nature  of 
the  process  of  caseation.  The  presence  of  small  quantities  of  fat  droplets  in 
the   caseous   area   has    been    successfully    demonstrated    microscopically   and 


a( 


'>:. 


-/i 


■^rv.v^-":;— .,  .r-v. 


f     tSi^C.- 


dl 


mm 


Flo.  247.— Mai-gliml  .in*  of  u  cascuiM  fotm  uf  the  nize  of  »  UaztjUiiQt,  occurring  in  tlie  Uv€r  as  the  neaultof 
Mypbllifk.  rt,  CaKeocu  jijuu  ;  b,  nnmumUu^  cicjitxiclat  Unut ;  c,  xoae  of  gnuiulation  Uiuiuh;  d,  liver  Iubuh 
Innitnited  with  newly  •formed  connective  tiiune.     x  17. 

cbemiciilly.  The  main  body  of  the  caseous  area  is,  however,  evidently  formed 
of  albumen  and  its  derivatives.  Among  those  some  coagulated  fibrin  is  also 
occasionally  fuund,  as  was  shown  by  Weigert  by  a  special  method  of  st;iiiiing. 
There  is  only  a  limited  quantity  of  fibrin  present,  however,  according  to 
Weigcrt's  views,  and  it  is  very  often  absent  altogether,  so  that  it  cannot  be 
regarded  as  an  essential  constituent  of  the  caseous  focus.  As  regards  the 
other  albuminous  bodies,  no  reasons  can  at  present  be  given  in  support  of  the 
\'iew  that  a  coagulation  takes  place.  Further  invcstigiitions  are  therefore 
urgently  required  to  support  the  theory  of  coagulative  necrosis. 

With  regard  to  the  process  of  caseation,  however,  some  further  results  of 
investigation  must  be  mentioned. 

CoseatiiM  is  very  pnMihj  a  ihiuffe  in  Die  iiAsneA,  wmcquent  mi  their  (■oc<d  dmth. 
This  is  fairly  conclusively  proved  with  regard  to  the  white  infarctions  which 
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occur  after  embolic  occlusion  of  the  nrterial  branches  in  the  kidney.  After 
decolonsatioQ  of  hemorrhagic  embolic  infarcts  also,  a  substance  is  found  in  the 
place  of  the  original  tissue  which  has  all  the  pro|>erties  of  a  caseous  nodule. 
In  these  cases  the  nutrition  of  a  definite  area  of  tissue  is  first  interrupted 
by  the  occlusion  of  the  afterent  art«ry,  and  it  is  only  after  some  time  that 
caseation  appears. 

The  caseation  observed  in  tubercular  and  syphilitic  foci  of  disease  and  in 
some  tumours  may  also  i^ath  some  probability  be  regarded  as  the  result  of 
local  death  of  the  tissue.  It  appe^irs  that,  in  many  cases,  the  great  new 
formation  of  cells  increases  the  pressure  in  some  parts  of  tlie  tissue  to  such  a 
degree  that  the  circulation  of  the  blood  and  tissue  fluid  is  interrupted  and 
local  death  produced.  In  tubercular  foci  of  disease  there  are,  in  addition,  the 
injurious  effects  of  the  metabolic  products  of  the  tubercle  bacilli.  These  seem 
to  kill  such  areas  of  tissue  as  tvre  poorly  nourished,  and  also  to  influence  the 
further  course  of  the  processes  of  disintegration  which  ensue.  Ln  fact,  it 
would  seem  that  the  tul>ercular  caseous  foci  show  special  peculiiirities  as 
regards  their  chemical  composition,  ^rhich  are  directly  dependent  upon  the 
metabolism  of  the  tubercle  bacilli. 

Speakituj  (jtyiiemUy^  ca^entum  of  ih^'  tiss^u^^  agrees  in  majiy  points  with  the 
processes  of  disinteg7'aiiofi  xvhiih  set  in  when  fresh  tissues  are  enclosed  aseptically 
within  carefully  derilistfl  tubes  awl pcservtd  at  body  temperature  (37°  C.)  In  this 
experiment  disintegration  of  the  albumen  also  occurs,  although  the  action  of 
microbes  is  excluded.  The  nuclei  lose  their  stiiiiiing  power,  while  the  tissues 
assimio  a  more  or  less  gi'anular  appearance  and  lose  a  great  part  of  their 
original  structure  (Hauser,  Kraus,  Goldmann,  Arnheim).  The  chemical 
changes  are  apparently  chiefly  the  formation  of  ptjptones  and  hemi-alljumens  ;  or, 
in  other  words,  breaking  up  of  the  albuminous  bodies  of  the  tissues  into  their 
most  closely  related  decomposition  protlucts,  those  being  still  albuminoid. 

It  cannot  be  assumed,  however,  that  processes  of  disintegration  carried  out 
in  aseptic  prjrtions  of  tissue,  and  the  processes  of  caseation  are  exactly  similar, 
since  in  the  first  cjise  the  bulk  of  the  tissue  diminishes,  while  in  caseation  it 
usually  increases.  Necrosed  areas  of  tissue  which  are  surrounded  on  all  sides 
by  living  tissue  are  not,  however,  isolated  in  the  same  way  as  pieces  of  tissue 
shut  up  in  a  glass  tube. 

Albuminous  fluids  and  wandering  c^Hs  from  the  living  tissues  penetrate  the 
necrosed  area  and  are  there  aim  broken  uji.  This  process,  ufxjn  which  Weigert 
laid  special  stress,  may  occur  in  all  caseations.  In  the  caseation  which  appears 
in  embolic  white  and  decolorised  infarcts,  it  is  seen  that  this  supply  of  new 
material  is  brought  by  the  blood-vessels,  as  was  explained  in  detail  in  the 
description  of  anaemic  necrosis.  It  is  observed  in  this  connection  that,  in  the 
kidney,  the  new  material  brought  into  the  necrosed  portion  of  tissue  is  some- 
what limited  by  the  tennion  of  the  resistant  capsule,  and  that,  accordingly, 
caseation  is  incomplete  and  the  original  structure  of  the  necrosed  area  is  not 
completely  lost.  In  caseation  of  firm  cicatricial  masses  too,  which  offer  great 
resistance  to  the  entrance  of  streams  of  fluid,  a  large  part  of  the  original 
fibrous  texture  is  preserved.  On  the  other  hand,  the  finely  granular  products 
of  disintegration  and  the  disappearance  of  the  original  tissue  structure  appear 
to  be  very  complete  in  the  embolic  areas  of  the  spleen,  into  which  great 
quantities  of  blo^>d  penetrate  from  the  neighbouring  tissues  after  interruption 
of  the  arterial  supply. 

The  passage  ofjluid  and  cells  into  caseating  tisaue  duem  not  prevent  the  distribution^ 
by  some  form  of  diff}iiti</7i^  of  many  substuiwes  from  iU  necrosed  into  the  living  tissue 
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in  tlui  neighhmtrhuod,  Iti  this  respect,  Yircbow'a  tLeory  of  insspissation  suggests 
a  factor  worthy  of  consideration.  It  may  be  that  the  hard  or  soft  coiisist- 
eoce  of  the  wiseous  Jirea  is  dependent,  to  a  gi-eat  extent,  upon  a  more  or  less 
considemble  loss  of  water,  and,  with  the  water,  maoy  other  substances  in 
solution  may  find  their  way  out  of  the  necrosed  tissue  into  the  neighbonrhoo*! 

Cuseatkm  is  the.  fomhuud  rcsulf  of  iond  dL^itttctmition  of  fhc  tis;iftf\^  ami  the 
exchange  0/  materud  jv^t  (ksciilied.  This  comljined  result  could  hardJy  I'C 
exactly  the  same  in  all  situiitions  and  under  all  circumstances.  Not  only  docs 
the  consistence  of  the  caseous  masses  undergo  manifold  change,  but  their 
power  of  taking  on  the  iwual  stains  used  in  histological  investigations  shows 
inuny  variations,  altht»ugh  these  are  trifling,  as  a  rule. 

The  completely  formed  caseous  mass  is  not  itself  an  unalterable  body. 
Tul>ercle  Imcilli  and  other  microbes  which  may  happen  to  l)o  enclosed  within 
it  may  gradually  change  its  composition.  In  addition  to  this,  the  caseous  areas 
are  in  continual  intercommunication  with  their  surroundings.  They  may 
afterwards  become  softened  and  liquehed,  or  impregnated  with  limosalts  and 
converted  into  hard  calcareous  masses  to  a  greater  or  less  extent.  In  con- 
clusion, it  not  infrequently  happens  that  caaeous  areas  subsequently  become 
smaller  by  the  gradual  absorption  of  their  marginal  zones  by  neighboiuing 
tissues.  Blood-vessels  and  celhdar  tissue  and,  aubset^uently,  cicatricial  tissue 
are  formed  in  these  marginal  zones. 
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rV.  Hyaline  Degenerations 

It  hiis  l>een  mentioned  thiit  necrotic  pieces  of  tissue  \vhich  are  preserved 
from  the  action  of  external  air  and  putrefactive  microbes  by  their  protected 
situations  in  the  deeper  parts  of  the  IxKly  undergo  various  degenerative 
processci?.  Of  these,  caseation  hits  just  been  described.  In  other  eaaes, 
hijalinc  dtt/ettcratvni,  occui's  under  similar  conditions,  and  the  dead  portion  of 
tissue  is  transformed  into  an  njtjMfrcutl^  h/fmugfrnttu^^^  tranj'fjfarent,  wr  Iranshrcnl 
bdance.  It  must  !)e  added  that  the  occurrence  of  hyaline  degeneration  is  not 
Jways  associate<l  with  previous  necrosis  of  the  tissues. 

Three  forms  of  hyaline  degeneration  ciin  be  differentiated. 

In  Minplti  hijaline  dfij/iirndion,  a  hyaline  substance  consisting  of  albuminoid 
bodies  is  formed,  distingtiished  by  a  relatively  firm  consistence. 

In  mycmd  dtiftnriutuin,  the  degenerative  product  is  also  homogeneous,  but 
of  mucoid  consistence  and^  as  a  rule,  rich  iu  mucin. 

Amylmti  degeneration  is  distinguished  by  the  occurrence  of  a  peculiar 
hyaline  substance  which  stains  intensely  brown  with  iodine  and  becomes 
blue-green  or  black  on  the  addition  of  iodine  and  sulphuric  acid,  in  the  same 
way  as  starch. 
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The  firm  hyaline  substance,  amyloid,  which  occurs  in  amyloid  degeneration, 
is  a  nitrogenous  albuminoid  body,  and  is  more  definitely  characterised,  chemi- 
cally, liy  its  reaction  with  iodine  than  are  the  products  of  simple  hyaline  and 
mucoid  degeneration.  The  mucin  which  occurs  in  the  latter  can  sometimea 
only  be  demonstrated  by  accurate  chemical  tests,  and  in  simple  hyaline 
degeneration  albuminoid  bodies  of  very  varying  composition  undoubtedly 
occur,  which  are  only  alike  in  their  physical  property  of  transparency. 


1.  Simple  Hyaline  Degeneration 
The  product  of  simple  hyaline  degeneration,  often  called  briefly  hyaline  or 
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Flo,  '243.— hViiiumJ  Brt<<ry.  a,  lutiiua  thtckenetl  by  difTiue  connective  tiaauc  ;  b,  Internal  clii»rtc  kniina, 
rupturfi'l  In  man)*  |ilncei»*,  r,  ttiulua  tiin«culariH  ;  d,  external  t^lastic  lAiniun;  e,  advcnUtta.  At  doc  jiait 
the  lavXvL  is  bulged  out  and  thinned.  In  the  bulging  (lortiou  Uwn  la  s  circunucrlbed  connc^^tivo  tiMU« 
thickeuing  of  tb«  liitlma,  Bhowlng  partial  lijaliae  degeneration  which  appeftni  mluiost  honwgiineaiu.     x  li. 

eulhid,  looked  at  with  the  naked  eye  or  microscope  is  cithei'  homogeneous,  or 
consists  of  spheres,  lamina;',  or  rcticulue  which  show  no  definite  structure.  It 
is  distinguished  from  mucus  by  its  firmer  consistence,  and  from  amyloid  by 
the  absence  of  the  ioiline  reaction. 

In  many  cases,  simple  hyaline  degeneration  occurs  as  a  change  consequent 
on  loc;d  death  of  tissue.  As  an  example  of  such  an  occurrence,  the  hyaline 
iUijtifuration  of  i)w  cmuwdive  tissue  of  sclaoiic  arteriejf  may  be  cite^I,  If  the  muscidar 
coat  of  the  arteries  loses  its  elasticity  at  any  point,  it  is  bulged  outwards  by 
the  pressure  of  the  blood  and  a  circumscribed  dilatation  of  the  lumen  of  the 
artery  takes  place.  If  this  be  not  too  extensive,  it  is  filled  up  again,  in  the 
course  of  a  few  months,  by  connective  tissue  thickening,  so  that  the  lumen  of 
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the  roBsel  appeiirs  at  first  almost  to  regain  its  norma!  circular  form.  The 
yielding  of  the  vessel  walls  is  ijrogressive,  however.  The  coimective  tissue 
formed  in  the  intima  becomes  very  much  stretched  uotif,  finally,  a  certain  por- 
tion of  it  dies.  The  dead  tissue  loses  itfi  structure,  becomes  homogeneous,  and  the 
nuclei  and  cells  vanish.  The  hyaline  degenerated  tissue  has,  in  the  meantime, 
Jjccome  fairly  firm  and  hard,  although  the  degeneration  is  associated  with  an 
increase  in  volume,  probably  from  absorption  of  water.  The  swollen  area  of 
hyaline  degeneration  projects  intcj  the  lumen  of  the  vessel  and  appears  on  its 
inner  surface  as  a  prominent  elevation  or  protuberance  (Fig.  248). 

Similar  simple  hyaline  degenerations  occur  in  smaller  arteries  and  capillaries 
(Wedl,  L.  Meyer,  Luhimoff,  Neclsen,  Thoma,  and  Wieger).     The  origin  of  the 
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Fio.  S49.—L)inph -gland  with  hy&lino  d^gtmeratloti,  x  800. 

disease  here  may  partly  be  the  same  as  in  the  case  of  the  larger  arteries,  but 
8ome  other  unknown  amses  may  also  take  jiart.  This  applies  especially  to  the 
peculiar  degeneration  of  the  capillaries  of  the  lymi)h-gland3  which  v.  Reckling- 
hausen discovered  and  Wieger  described.  Fig.  249  represents  such  a  condition. 
Only  a  few  unaltered  lymphoid  cells  are  left  of  the  gliind  substiince.  The 
main  part  of  the  greatly  enlarged  gland  is  either  caseated  or  transformed  into 
iiregular  hyaline  masses.  In  the  latter,  numerous  blood-vessels  with  thick 
hyaline  walls  may  be  seen,  in  which  the  lumen  is  narrowed  but  still  easily 
dcmonstralile,  and,  in  jiddition  to  these,  there  are  irregularly-rounded  hyaline 
bodies  representing  transvoiso  sections  of  vessels  the  limien  of  which  has 
been  obliterated  by  the  swelling  of  the  hyaline  substtii\ce. 

Hyaline  clegeneration  has  already  been  mentioned  among  the  secondary 
changes  in  thrombosis.  The  investigations  of  Langhans  and  v.  Recklinghausen 
especially  have  directed  attention  to  the  frequent  occurrence  of  these  hifaUnr 
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-.r^-'.-f-LVi':  !::-.•-  :it  ".:•:•:-- -r-^-rL-  ::  'jTir.^  hi'^A'^  't-rir.gy  wto  hftTvkRBod 
'■/.---.o  '.r  Lsn-.rr'r-ii-r.  Tl-.  ■.riL*ri*c':  •'.»i  nes^ircd  its  csxal  raafiiz. 
I:  :':.■;  ^r>:r^-.r^  '-:  .-^r-iri-lj  ii^rri-ri  :::-  lv  iimr'''Az.-:ies  take  {du«, uirtt 
ir.lr:"  :L^  '--:•■:  :  -ttv  Lif-r^^:  i^in^lr  '.r  :;i<i»l  In  iLi«  case,  ihetzauaa* 
r-jtl  "'■' x-i  -Lir:  _••/.•;-  '':-:;i-:  i."5T.  i' i  L.-n:*:!.':':::  appears  in  tte  urine  'ft*rTS 
ar.'i  Lni;-i.-.  P.r.r.'f:.  Li:.  1  >  .  If.  i. ■=■--. er.  ir&nsri^fon  ]■*  eccfxied  a- <» 
gei.15  •:-  5T^::rT  .:  ir-iri^L  ;->  i-.r.:Tr-  ir-r  : : ni^rariv^rly  siiafat.  Wonn-MS* 
an'i  Lf^i^z  werr  t-tr.  i"- ".•=  -.■:  •sri'ri irj-a-  a  iv'-iiera'.-Ie  p<roportion  «  IW 
exx«r:iLer*"jLlT.  fr:n  -.i-  v-:r>  ::  ir.  ir.irii!.  ■:-i''-rina:e  it,  and  inject  ii  is 
th*:  arterl-^s  a^-ii:^  "sri-.i  u*.  :ij.-ir.j  :i:-r  ir.i-.i!  *  d^^th.  Histologically,  Mad 
red  cell*  *b:.^  r..  <:-:n.: -:rA" '.-::  -.l-.r-r-.'-i'L  if:er  senile  defibrinatioD,  and  i 
coagulatei  V.o-.-i  the  an  --'--.: :  r.  v^ni^L:  ■::  :he  white  cerli*  persists  for  ft  m 
Ion;;  time. 

I  draw  atte:;*.::.':  *.:■  all  :Lrv-  fa-its  ii.  '.rier  :o  sbow  on  irfaat  ^wgnftHn 
grounds  the  thf^ry  •::'  c.^^-Jj'.ivr:  r.'i7:r»:i:r.  which  h^s  l-een  so  readilT  aceepn 
is  haiefl.  We  'tavr:  r.o  ^'y-i  r'.v.v.r.  fir  coll:.'.^-  cc^^jlated  bl'XMi  dead.  Ont 
other  han«],  wh-u  th-  •.•e"-il.ir  r'.er„vr.:f  ■:•:  the  bl-xd  are  enclosed  in  »  hi 
clot,  they  are  plitoe-i  ■::.  irr  'Mr.d::;::.*  which  interfere  with  their  nntritkmi 
firing  alxiut  thdr  death.  a:.d  .^fter  Irrith  dciieneration  and  hyaline  changes  a 
place.  There  i-s  no  doi'-'t  :ha!.  i:.  i-iriir.j  to  the  researches  of  v.  Recklin^mi 
hyaline  degeneration  of  ik  thr-  n'-is  ir.d  :he  formation  of  emboli  by  {Heces  ( 
uched  from  such  thr-.nj'.i  '>:.."r  fre'.Uvntly.  Still  it  seems  to  me  that  subfitan 
which  have  been  art  ir.'.:. illy  tr:-i-;:v'i  have  >«eennu5takenfor  such  hyalinethFOB 
In  many  metho-is  of  artin-.ial  hi»r'icr;:i.j.  to  which  :he  tissues  are  subjected  in  on 
to  prejjare  them  for  mi<.Tos-:ot-:c  >v'.::o:i-?.  many  of  the  red  blood  corpuscle? 
the  vessels  are  dissijlvci  if  -ir.ly  .»  ^^mal!  quantity  of  the  hardening  medii 
penetrates  the  ti>>ue.  Thus,  fo:  :!.s*u»nc'.-.  di!u:e  alci.»hol  is  an  excellent  adw 
for  red  bl^xxl  cells  and  h*n:' .::■/•■:::.  In  the  f.rst  stage  of  hardening  by  alcol 
therefore,  so  long  a>  only  a  sma'.I  amount  of  alcohol  has  penetrated  the  tissB 
solution  of  the  red  bI«:-Hi  corpuscle?  very  readily  takes  place.  Afterwards,  wl 
the  amount  of  ak-iibil  in  tb«.'  ::s>"iv  has  inL-reasetl.  the  dissolved  hai'moglobir 
thrown  down  again  in  crystals.  ••:•  in  the  fv»mi  of  red  hyaline  masses. 

Hyaline  suV»stancei.sal<M  f"Vjid  as  '•'.  'Vm-  <. ',  V>..y* />■  (hyaline  tube-casts)  in  l 
tubules  of  the  kidney,  in  the  urinary  |Vis>ai:es  leading  from  them,  and  in  up 
in  renal  disea.s»\  and  undei-  teit-iin  circumstances  also  in  urine  from  app 
ently  healthy  kidnty«  after  ;:,Tear  excni'-n.  They  are  homog:eiieous,  son 
times  laminated  cylindrical  >tructuie>.  The  dirierent  layers  are  somewi 
unequally  refractilo  or  of  various  shades  uf  yellow  (Fig.  250).  Opinions  i 
widely  at  variance  n<  rfganl-  the  furniation  of  those  casts,  which  are  ve 
common  and  often  very  abumlaiit.  At  tir-t  they  were  held  to  be  a  coagulat 
fibrinous  e.xudation  or  a  hyaline  tran^f<.>rmati'.'n  of  such  exudation.  The  pos 
bility  was  then  ent»Ttain..(]  that  tlieir  fi>nnatinn  was  due  to  a  process 
secretion  or  to  a  hyaline  change  in  the  eel]<.  It  nuist  In?  kept  in  mind,  hiT 
ever,  that,  speaking  gen«  rally.  th..ie  are  various  kinds  of   hyaline  tuK*-oas 
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which  differ  in  the  mode  of  their  formation.  In  ray  opinion,  many  of  the 
tube -casts  which  suljse^uently  become  homogeneous  are  made  up  of  the 
hyaline  droplets  which  proceed  from  the  e[>ithelial  cells  of  the  convoluted 
tubules,  Colbcrg  was  the  first  to  describe  tho  separation  of  hyaline  droplets 
from  the  epithelial  cells  of  tho  convoluted  tubules,  and  v.  Recklinghausen 
pointed  out  their  relation  tp  the  formation  of  tube-casts  (Fig,  251),  This 
explanation  can  only  hold  good  for  some  of  the  cases,  however,  as  hyaline  casta 
alsu  occur  in  contracted  kidneys,  where  the  epithelium  shows  no  such  hyaline 
droplets.  After  I  had  discovered  that  the  glomeruli  of  contracted  kidneys 
allowed  gelatine  and  cinnalwir  granules  to  pass  from  the  loops  of  the  vessels  into 
the  space  below  the  capsule,  Posner  demonstrated  the  presence  of  deposits  of 
albumen  in  the  glomendi  in  diseased  kidneys  which  had  been  hardened  either 
by  l>oiling  or  by  alcohol  It  may  therefore  be  assumed  that  the  albumen 
which  so  fret|uently  occurs  in  the  uriiie  from  diseased  kidneys  comes  from  the 
glomeruli.     It  might  be  concluded  from  the  researches  of  Rovida  that  a  portion 
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Fio,  250.— Byalirjo  tube-caala  in  two  collecting 
tabal«9  from  a  modulkry  ny  of  a  krg«  whits 
kidney,  x  280. 
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Pio.  251,— Hy»UDe  bodies  in  the  lamen  uul 
epitbolium  of  a  Icwped  lubnle  of  the 
rabbit's  klduey,  seven  hoitrs  after  a 
largo  iigection  of  water  into  the  aab- 
cataneous  cellular  tissue  x  700, 


of  the  albumen  which  passes  through  the  urinary'  tubules  undergoes  chemical 
decompositions  which  deprive  it  of  some  of  its  original  properties.  It  might 
be  possible  for  some  of  the  decomposing  albumen  to  become  insoluble  and 
form  hyaline  cylinders.  A  similar  coTiclusion  may  be  drawn  fmm  liibbeit'a 
investigations,  according  to  which  the  alltuminous  contents  of  the  urinary  tubules 
coagulate  and  are  then  supposed  to  become  transformed  int-o  hyaline  cylindncid 
castji.  In  certain  cases  it  is  true,  fibrin  is  present  in  the  urinary  tubules  and 
is  also  ca^mble  of  hyaline  transformation,  as  was  recently  shown  to  be  probable 
by  Israel  and  Ernst  by  the  aid  of  Weigert's  method  of  staining  fibrin.  This, 
however,  by  no  means  exhausts  all  the  various  modes  of  origin  of  h\'aline  renal 
casts.  The  blood  which,  in  certain  diseases,  pisses  through  the  glomerular  loops 
into  the  urinary  tuljules,  forms  cyh'nders  which  may  become  hyaline  ;  and  many 
authm-s  support  the  view  that  shed  renal  epithelium  tmdergoes  hyaline  changes 
and  is  fused  into  homogeneous  cylinders. 

Firm  hyaline  masses  are  very  frequently  found  in  the  alveoli  of  the  thyroid 
gland  in  place  of  the  nonnal  fluid  contents — mlloid  of  the  ihjnnd.  The  gland  is, 
as  a  rule,  more  or  less  enlargeJ,  sometimes  to  a  considerable  extent,      Under 


386 


HYALINE  THROMBI 


ihromhi.  In  this  case,  also,  local  death  of  tissue,  and  death  of  the  cellular 
elements  of  the  bkK}d,  precede  the  hyaline  change.  Coagulation  of  the  blo<xl, 
however,  is  no  proof  that  it  ia  dead.  Chemical  decomposition  of  an  animal 
fluid  by  no  means  gives  us  the  right  to  speak  of  death  or  necrosis,  not  even 
when  this  decomposition  is  diflercnt  from  the  deconijwjsitions  which  we  have 
already  learned  to  recognise  as  physiological,  ?.r.  pertaining  to  the  living 
condition  of  the  tissue.  Dctibrinatcd  blood — that  is,  l>lood  which  has  already 
been  coagiilated,  but  freed  from  the  fibnn  formed  in  it — has  been  successfully 
transfused  int<>  the  blood-vessels  of  living  human  bt-iugs  who  have  lost  much 
blood  by  haemorrhage.  The  transfu^sed  l>lood  resumed  its  usual  function. 
If  the  processes  l»e  tmrefully  carried  out,  no  distiu^bances  take  place,  as  a  nile, 
unless  the  blood  of  very  different  animals  be  used.  In  this  aise,  the  transfused 
red  bloo^l  corpuscles  break  down  and  haemoglobin  appears  in  the  urine  (Prevost 
and  Dumas,  Ponfick,  Landnis),  If,  howe\er,  transfusion  be  confined  to  one 
genus  or  species  of  animal,  its  dangers  are  comparatively  slight.  Worm-Muller 
and  Lesser  were  even  able  to  withdraw  a  considerable  proportion  of  blood, 
experimentally,  from  the  veins  of  an  animnl,  defibrinate  it,  and  inject  it  into 
the  arteries  again,  without  causin;:;  the  animal's  death.  Histologically,  too,  the 
red  cells  show  no  demonstrable  alteration  after  gentle  defibrination,  and  in 
coagulatetl  blowl  the  amteboid  mmemcnt  of  the  white  cells  persists  for  a  very 
long  time. 

I  draw  attention  to  all  these  facts  in  order  to  show  on  what  insufficient 
grounds  the  theory  of  coagulative  necrosis^  which  has  been  so  readily  acuepteii, 
is  based.  We  have  no  good  reason  for  calling  coagulated  blood  dead.  On  the 
other  hand,  when  the  cellular  elements  of  the  blood  are  enclosed  in  a  large 
cl«»t,  they  are  placed  under  conditions  which  interfere  with  their  nutrition  and 
bring  about  their  deatli,  and  after  death  degeneration  and  hyaline  changes  take 
place.  There  ia  no  doubt  that,  according  to  the  researches  of  v.  Recklinghausen, 
hyaline  degeneration  of  a  thrombus  and  the  formation  of  emboli  by  pieces  de- 
t^iched  from  such  tlirombi  occur  frequently.  Still  it  seems  to  me  that  substances 
which  have  been  artificially  (iroduced  have  been  mistaken  for  such  hyaline  thrombi. 
In  many  methods  of  artificial  hardening,  to  which  the  tissues  are  subjected  in  order 
to  prepare  them  for  microscopic  sections,  many  of  the  red  blofxl  corpuscles  in 
the  vessels  are  dissolved  if  oidy  a  small  quantity  of  the  hardening  medium 
jjenetrates  the  tissue.  Thus,  for  instance,  dilute  alcohol  is  an  excellent  solvent 
for  red  blood  cells  and  hiemogloljin.  In  the  first  stage  of  hardening  by  alcohol, 
therefore,  so  long  as  only  a  small  amount  of  alcohol  bus  penetrated  the  tissues, 
solution  of  the  red  blood  corpuscles  very  readily  takes  place.  Afterwards,  when 
the  amount  of  alcohol  in  the  tissue  has  increased,  the  dissolved  hanvoglobin  is 
thrown  down  again  in  crystals^,  or  in  the  form  of  red  hyaline  masses. 

Hyaline  substance  is  also  found  as  hyalin''  njUtuhm  (hyaline  tube-casts)  in  the 
tubules  of  the  kidney,  in  the  urinary  passages  leading  from  them,  and  in  urine 
in  renal  disease,  and  under  certain  circumst^mces  also  in  urine  from  apijar- 
ently  healthy  kidneys  after  great  exertion.  They  are  homogeneous,  some- 
times laminated  cylindiical  structures.  The  diH'crent  layers  are  somewhat 
une<iually  refnictile  or  of  various  shades  of  yellow  (Fig.  250).  Opinions  are 
widely  at  variance  as  regards  the  formation  of  these  casts,  which  are  very 
common  and  often  very  abundant.  At  first  they  were  held  to  bo  a  coagulated 
fibrinous  exudation  or  a  hyaline  transformation  of  such  exudation.  The  possi- 
bility was  then  entertained  that  their  formation  wai*  duo  to  a  process  of 
secretion  or  to  a  hyaline  change  in  the  cells.  It  must  be  kept  in  mind,  how- 
ever, that,  speaking  generally,  there  are  various  kinds  of  hyaline  tube -oasts 
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which  difter  in  the  mode  of  their  formation.  In  my  opinion,  many  of  the 
tuhe- casts  which  sulisequeutly  become  homogeneous  are  made  up  of  the 
hyaline  dropleU  which  proceed  from  the  e|>ithelial  cells  of  the  convohited 
tubules.  Colberg  was  the  first  to  describe  the  separation  of  hyaline  droplets 
from  the  epithelial  cells  of  the  convoluted  tubules,  and  v.  Kecklinghauaen 
pointed  out  their  relation  to  the  formation  of  tube- casts  (Fig.  251).  This 
explanation  can  only  hold  tjoixl  for  some  of  the  cases,  however,  as  hyaline  casts 
also  occur  in  contracted  kiilneys,  where  the  epithelium  showa  no  such  hyaline 
droplets.  After  I  had  di.scovered  that  the  glomenili  of  contracted  kidneys 
allowed  gelatine  and  cinnabar  granules  to  pass  from  the  loops  of  the  vessels  into 
the  space  below  the  capsule,  Posner  demonstrated  the  presence  of  deposits  of 
albumen  in  the  glomeruli  in  diseased  kidneys  which  had  been  hardened  either 
by  boiling  or  by  alcohol.  It  may  therefore  be  assumed  that  the  albumen 
which  so  freijuently  occurs  in  the  urine  from  diseased  kidneys  comes  from  the 
glomeruli.     It  nught  be  concluded  from  the  researches  of  Rovida  that  a  portion 
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Fto.  'JAO.— UyAlitio  tube  uut*  la  two  coUectiog 
tubules  froin  a  medulkry  ny  of  a  \u^  white 
kldnejr,  x  280. 


FlO.  fSl.— HyalJue  bodiM  In  Lite  lumen  and 
eplUi*lium  of  a  looitod  tubule  of  Uio 
rabbit's  kidney,  uevfii]  hoarnt  after  a 
large  itJecUon  of  watur  into  tli»  «ub- 
cutauooufl  cnllul&r  Umub,  x  700. 


of  the  albumen  which  passes  through  the  urinary  tubules  undergtjcs  chemical 
decompositions  which  deprive  it  of  some  of  its  original  properties.  It  might 
be  possible  for  some  of  the  decomposing  albumen  to  become  insoluble  and 
form  hyaline  cylinders.  A  similar  conclusion  may  be  drawn  from  Kibbert'a 
investigations^  according  to  which  the  albuminous  contents  of  the  urinary  tubule."* 
coagulate  and  are  then  supposed  to  become  transformed  into  hyaline  eylindriwd 
ca^ts.  In  certain  cases,  it  is  true,  fibrin  is  present  in  the  urinary  tubules  and 
is  also  capable  of  hyaline  transformation,  as  was  recently  shown  to  be  probable 
by  Israel  and  Ern.st  by  the  aid  of  Weigort's  method  of  staining  fibrin.  This, 
however,  by  no  means  exhau.sts  all  the  various  mode.s  of  origin  of  hyaline  renal 
casts.  The  bltjod  which,  in  certain  diseases,  jmsses  through  the  glomerular  loops 
into  the  urinary  tu)>ules,  forms  cylinders  which  may  become  hyaline  ;  and  many 
authors  support,  the  view  that  shed  renal  epithelium  undergoes  hyaline  changes 
and  is  fused  into  homogeneous  cylinders. 

Firm  hyaline  masses  are  very  frecjuently  found  in  the  alveoli  of  the  thyroid 
gknd  in  place  of  the  normal  fluid  contonts — rolldd  of  thr  fhifmid.  The  gland  is, 
as  a  rule,  more  or  less  enlarged,  somctiiucs  to  a  considerable  extent     Under 
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the  microscope  (Fig.  252)  the  alveoli  are  seen  to  l>e  dilated  and  filled  with  a 
hyaline  substiince.  The  latter  sometimes  encloses  sin^^le  shed  epithelial  cells  from 
the  alveolar  wall,  containing  more  or  less  numerous  hyaline  spheres,  and  also  a 
few  leucocytes.  Beside  these  a  varying  niimber  of  hyaline  droplets  is  found 
which  might  possibly  also  proceed  from  the  shed  cells.  Hyaline  droplets  are 
also  sometimes  present  in  the  epithelium  lining  the  alveolar  walls.  This 
condition  is  by  no  means  common.  The  epithelial  lining  of  the  alveolar  walls 
is  usually  quite  normal  in  appearance,  iniless  it  be  somewhat  flattened  by 
eactreme  flistensioo  of  the  alveoli.     It  would  seem,  therefore,  that  the  greater 

part    of    the    colloid    in    the 
''^'iy''7^^:'^\^^''^^''.'^-^M_  thyroid   gland   represents   an 

» l\\-  abnormal  secretion  of  the  epi- 

tlidium  of  the  alveoli,  associ- 
icd  with  the  degenerative 
products,  al.HO  hyaline,  of  some 
shed  epithelial  cells  and 
a  few  leucocytes.  It  very 
frcfjuently  happens,  however, 
that  hiemorrhages  into  the 
alveoli  of  the  gland  occur, 
and  the  lilood  is  dissolvetl  in 
the  alveolar  contento.  The 
latter  then  assume  a  dark- 
red  coioiu',  which  aftersrjirds 
becomes  bro^vnish-red,  brown, 
and  yellow.  Obrzut  has  even 
advanced  the  opinion  that  the 
whole  of  the  colloid  masses 
of  the  thyroid  represent  pro- 
ducts of  alteration  of  extra- 
vasated  blood. 

Hyaline  degeneration  and 
deposits  of  hyaline  substance 
occur  very  commonly  in 
many  different  tumours  (Fig. 
253),  in  rj-iulatiotK-!,  and  in 
ej'tr(mtsafim.-i  of  blood.  Jfa^x- 
liks  or  ifitreofts  drffnirmthn  of 
striata  mw<rU'  occupies  a 
special  position,  however.  As 
the  etiology  and  mode  of 
origiD  of  the  hyaline  sub- 
stanoe  are  comparatively  well  known  in  this  case,  it  will  be  of  general  interest 
if  they  are  briefly  touched  upon« 

In  grave  pyrexial  disease  of  long  continuation  the  striped  muscle  loses  a 
great  deal  of  it«  firmness.  This  fact  is  quite  in  accordance  with  the  increased 
heat  production  and  the  disturbance  of  nutrition  which  occur  in  fever.  This 
loss  of  firmness  is  not  always  manifested  by  changes  in  the  histological  structure 
of  the  muscle  fibre.  It  sometimes  happens,  nevertheless,  that  rupture  may 
occur  in  the  muscles  of  which  the  patient  makes  most  use,  especially  the  rectos 
abdominis  and  the  adductors  of  the  femur,  which  are  strongly  contracted  in 
sitting  up  in  bed,     A  small  cactravasation  of  blood  is  formed  in  the  muscle,  the 


rio.  ua.— OoUokl  bodiM  in  Um  aIvooU  or*  eooddoaUy  «nlaiKed 
UiyroM,  X  800. 
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de^'clopment  of  which  may  occasionally  be  directly  observed  in  the  roctuB 
abdominis.  Microscopical  examination,  however,  shows  a  peculiar  splitting  of 
the  contents  of  the  sarcolemma  (Fig.  254),  llirBt  described  by  BowTn«aii  in 
tet«inus  and  regarded  by  him  as  the  result  of  rupture.  Zenker,  however,  after- 
wards made  a  thorough  investigation  of  the  subject,  by  means  of  which  ho  airived 
at  the  opinion  that  wax-like  degeneration  was  the  consequence  of  a  peculiar 
disturbance  of  nutrition  in  the  muscle.  Rupture  of  the  muscle  was  supposed 
to  be  the  residt  of  the  wax-like  degeneration. 

During  his  researches  on  the  tongue  of  the  liWng  frog,  J.  Arnold  Tery  fre- 
tjuently  observed  wax-like  degeneration  in  previously  qiute  healthy  muscle  which 
had  been  ruptured  from  some  aiuse  or  other.  More  recently,  Weihl  elaborated 
these  observations  imder  the  direction  of  J.  Arnold.     It  appears,  according  to 


Via.  253.— HyallDe>  degenentlon  of  epithelial  cellii  from  &  w|UBiiionfl  Rptthellonta  uf  Ui«  Hltlri.    Teiupoml 
region.    Tn  tbo  calls  a  and  b  are  space*  containing  malliTiuclMitod  teiicocyteA.    x  370. 

those  authors,  that  very  soon  after  either  ruptiu*e  or  section  of  completely 
healthy  muscles,  the  hyaline  swelling  of  the  tt^rn  or  cut  fragments  char- 
acteristic of  wax-like  degeuerution  sets  in.  It  cannot  be  seen  by  the  micro- 
scope whether  ccxigulation  of  the  muscle  plasma  takes  place,  as  Martini,  C.  E,  E. 
Hoffmann^  Friedreich,  and  Weigert  were  inclined  to  assume.  The  muscle  fibre 
generally  ruptiu-es  parallel  to  its  transverse  striation,  and,  as  a  nile,  retracts 
from  the  loss  of  tension.  The  fragments  and  the  i-upturod  parts  undergo  slight 
increase  in  volume,  \sith  alteration  of  their  refraction  and  of  the  peculiar  histjo- 
logical  structure  termed  transverse  striation.  They  Vtecomo  highly  refractilo 
and  homogeneous. 

This  information  makes  it  easily  umlerstood  why  wax-like,  or  better,  hyaline 
degeneration  of  striated  muscle  should  be  found  in  all  diseases  in  which  the 
muscles  are  ruptured  either  by  external  force  or  by  their  strong  contraction,  in 
tetanus,  trichinosis,  traumatism,  and  in  spontaneous  ruptui'o  from  violent  move- 
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mont«  of  the  Ixxly.  A  similar  condition  also  o<:curs  in  muscle  fibres  attaclied  to 
tumours  which  have  been  reraoved,  since  these  muscle  fibres  have  been  subjecttsd 
to  sti'ong  traction  during  the  operation.    Erb's  investigationB  seem  to  show  that, 

under  certitin  circumstances,  rupture  of  muscles 
after  death  might  have  a  similar  result.  Hieraor- 
rhage  is  not  always  associated  with  nijiture  of 
the  contents  of  the  sarcolemma,  however.  Its 
occurrence  depends,  of  course,  on  whether  rupture 
of  the  vessels  has  tjiken  place  at  the  same  time. 
Frequently,  the  sarcolemma  sheath  of  a  muscle 
niptures  at  the  same  time  as  the  muscle  fibre 
without  producing  any  change  in  the  mode  in 
which  the  muscle  splits.  It  muBt  also  lie  men- 
tioned that  after  i-upture  the  muscle  fibre  seems 
tu  l>e  split  into  hyaline  prisms  of  varying  length, 
depamted  by  parts  in  which  the  contents  of  the 
sarcolemma  remain,  as  a  rule,  unchanged.  Re- 
generation proceeds  mainly  from  the  imaJt«red 
j^Mirts  of  the  fibre,  perhaps  also  from  the  nuclei 
and  remnants  of  protoplasm  which  are  enclosed 
in  the  products  of  the  hyaline  disintegration. 
These  regenerative  phenomena  will  be  more  fully 
investigated  iu  the  <lescription  of  progressivo 
changes  in  tissue. 
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2.  Mucoid  Degeneration 

By  mucoid  degeneration  we  imdorstand  a.  dcgonerative  procofss  l\y  whicli 
the  tissues  are  changed  into  a  gelatinous,  soft,  or  semifluid  hyaline  snUsUncc. 
This  leads  very  frequently  to  the  formation  of  chemical  bodies  termed  mucins. 
These  are  nitrogenous  combinations  whicli,  on  decomposition,  break  up  into 
albuminoid  substances  and  carbo-hydrates. 

Mucin  is  soluble  in  alkaline  carbonates,  dilute  cjiustics,  and  lime-water. 
It  is  precipitated  from  weak  alkaline  solutions  by  acetic  acid,  if  precipitation 


m  L^.jj  ij 


Fio.  S55.— FurnialloQ  of  goblet  cells  from  the  oilintml,  cylindrical  epitbetluui  of  a  taultllocular  ovarian  eystic 

tumour,  xWM). 

be  not  prevented  by  the  presence  of  neutral  salts,  especially  sodium  chloride. 
Alcohol  also  precipitates  mucin. 

It  has  already  been  mentioned  that  mucus  is  very  frequently  present  in 
catarrhal  exudations  from  mucous  membranes,  and  also  forms  a  constituent 
of  the  secretion  of  the  normal  intestinal  mucous  membrane,  of  other  mucous 
membranes,  and  many  glands.  In  mucous  membranes  and  glands  mucus 
ia  present  in  the  epithelial  cells  in  the  form  of  round,  transparent  masses 
which  are  ejected  from  the  cell.  The  cells  afterwards  assume  the  foi-m  of 
empty  goblets — gtHM  cAh  (Fig.  255). 

Mucus  also  exists  in  the  form  of  hyaline  drops  of  varying  size  in  the  epi- 
thelial cells  of  many  carcinomata  with  mucoid  degenerntjon  (Fig.  256).  In  this 
case,  however,  the  whole  of  the  cells  are  tirndly  transformed  into  a  homogeneous, 
structureless,  mucoid  miiss,  fdling  the  alveoli  of  the  tumour.  Hero,  in  contra- 
distinction to  the  mucous  secretion,  there  is  a  mucoid  degeneration  present,  the 
analogy  of  which  ^vith  the  mucous  secretion  of  the  goblet  cells  is  the  more 
striking,  however,  because  these  mucoid  degenerations  of  epithelial  cells  occur 
mainly  in  tumours  the  epithelial  constituents  of  which  are  (Icrivod  from  the 
epithelium  of  the  stomach  and  intestine,  which  normally  contains  numerous 
goblet  cells. 

Mucoid  degeneration,  liowo^xr,  is  by  no  means  limited  to  epithelial  growths. 
In  colloid  carcinomata  the  connective  tissue  is  also  very  frequently  converted 
into  a  mucoid,  homogeneous,  structureless  substance.    Mucoid  degeneration  is  also 
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very  commonly  found  in  cartilaginous  tumours.  Firsts  the  intcrcelhilar 
substance  of  the  cartilage  loses  its  firm  consistence,  becoming  soft,  or  even  fluid 
and  fibrillar.  Hyaline  droplets  then  form  in  the  cells,  and,  firuiUy,  these  also 
break  down  and  merge  into  the  now  homogeneous  mncoid  substance.  Similar 
processes  are  observed  in  many  other  tumours,  in  fibroma,  lipoma,  mjTtoma, 
myoma,  glioma,  and  sarcoma,  as  well  ;is  in  the  structure  of  many  diseased 
organs. 
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Fio.  250.— EpithelUl  cell)*  uiiii«rgoltig  mucoid  ilegeiientlou  in  the  Alvooli  of  a  carcinonm  of  the  stomach, 

X700. 

The  final  stage  of  mucoid  degeneration  is,  as  can  be  observed,  a  mucoid, 
structureless  mass  which  may  also  become  turbid  by  further  decomposition.  It 
is  therefore  to  be  clearly  distiriguisbed  from  the  n6\v  formation  of  mucoid  tissue, 
which  will  be  considered  in  dealing  with  the  progressive  changes  in  tissues. 


3.  Amyloid  or  Waxy  Degeneration 

Amyloid  substance  is  distinguished  from  other  hyaline  bodies  by  its  peculiar 
reaction,  discovered  by  Meckel  and  Virchow.  If  tissues  cont*iining  amyloid 
be  treated  with  a  solution  of  iodine  in  potassium  iodide  (iodine  10,  potassium 
iodide  10"0,  aq.  distill.  100-0),  the  amyloid  parts  become  mahogany  brown, 
while  the  other  tissues  only  tiike  on  a  straw-yellow  colour.  Subsequent 
addition  of  dilute  sulphuric  acid  (5  per  cent)  or  solution  of  chloride  of  zinc 
changes  the  coloiu  of  the  amyloid  substance,  which  becomes  tlark  bro\vn,  gray- 
brown,  blue-green  or  blue. 

This  iodine  reaction  is  the  most  practical  as  well  as  the  distinctive  test  for 
the  recognition  of  amyloid  substance  in  the  organs.  It  is  therefore  made  use 
of  at  the  jxtat-moiifiti  table.  Microscopic  sections  also  l>ecome  a  little  darkened 
if  they  are  placed  in  iodised  glycerine.  According  to  Bottcher's  sugges- 
tions, it  is  better  to  work  with  considerably  diluted  solutions  of  iodine 
(iodine  025,  potassium  iodide  0*5,  aq,  dist.  100  0).  For  more  accurate 
observation  of  the  histological  changes,  the  methyl-violet  method,  discovered 
by  Jiirgens,  Heschl  and  Coi-nil,  must  be  regarded  as  a  very  valuable  addition 
to  our  reagents.  According  to  my  opinion,  it  is  best  to  use  a  strong  aqueous 
solution  of  methyl-n'olet,  acidulated  by  acetic  acid.  The  microscopic  sections 
are  left  in  this  for  a  few  minutes.     They  are  then  washed  in  water  containing 


AAfVLO/D  DEGENERATION' 


393 


acetic  acid,  and  lose  a  great  quantity  of  the  stain.  They  aro  exammed  in 
glycerine.  The  amyloid  will  then  have  taken  on  a  brilliant  red  colour,  while 
the  remaining  tissues  are  stained  blue- violet.  The  decolorisation  can  l>e  easily 
graduated  so  that  the  nuclei  of  the  tissue  appear  deep  violet,  while  the 
amyloid  su!>stance  i?i  a  \nvid  red. 

Organs  with  advanced  amyloid  degeneration  are  comparatively  large,  and 
have  a  mottled,  translucent  appeamnce  which  gave  rise  to  the  term  hifflucems. 
In  its  behaviour  toward  iodine,  as  well  as  toward  iodine  and  sulpliuric  acid, 
amyloid  resembles  starch,  so  that,  in  this  connection,  the  name  iutuflmdy  which 
was  giren  by  Virehow,  is  perfectly  appropriate.  While  starchy  however,  m  a 
non-nitrogenous  carbo-hyflrate,  it  has  been  learned  from  the  investigations  of 
Kekulr  and  Friedreich,  C.  Schmidt,  Kithne  and  Rudneff  that  amyloid  contains 
nearly  the  same  amount  of  nitrogen  as  albuminoid  boilies.  Perhaps  it  is  a 
decomposition  product  of  albumen,  standing  in  close  relation  to  it.     It  differs 
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Fia.  257. — Longitudinal  section  of  an  iuterkihuliu'  artery  of  the  liiiniau  kidney.  Appearnuce  of  amyloid  sub- 
atance  under  tbe  <>pitheUQni  ami  betweeu  Uie  ttmnsrerse  tayeni  of  the  circular  muscle  Bbres.  n.  Lumen  of 
the  artery.    x700. 

from  the  latter  in  its  insolubility  in  water  and  its  resistance  to  alkalies  and  acids, 
as  well  as  to  the  gastric  juices. 

In  severe  general  disturbaiires  of  nulntion  (such  as  are  developed  as  the  result 
of  tuberculosis,  syphilis,  profuse  long-continued  suppuration  in  the  bones  and 
soft  parts,  and  in  other  diseases),  amyloid  degeneration  ap]«jar8  widely  dis- 
tributed in  the  different  parts  of  the  bo<ly.  The  organs  chiefty  atlected  are  the 
liver,  spleen,  kidneys,  intestine,  suprarenal  bodies,  and  the  thyroid. 

In  all  these  sitmitions  th«  middle  coat  of  the  anudkr  arteries  is  Jirsi  ajffried. 
A  thin,  longitudinal  section  of  the  interlobular  artery  of  the  kidney  (Fig,  257) 
shows  a  shining,  hyaline  mass  under  tbe  endothelium  and  elastic  membrane, 
stretching  transversely  in  between  the  muscle  fibres,  and  partly  suiToimdiiig 
and  embedding  them.  The  spindle-shaped  fonnation  of  the  muscle  cells 
explains  why  they  are  unequal  on  transverse  section,  according  bo  whether  the 
section  is  through  the  end  or  the  middle  of  the  spindle.  In  the  latter  case  the 
muscle   nuclei  also  appear  in  the  cross-section.     Many  of   the    cross-sections 
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the  glomeruli  are  similarly  diseased  {Fig.  259).  In  the  other  organs  also  the 
same  changes  occur  in  the  BmaHer  arteries  and  sometimes  extend  even  to  the 
large  arteries  and  veins.  The  affection  of  the  smaller  arteries  not  infrequently 
precedes  amyloid  degeneration  of  the  remaining  tissue  elements  of  the  organ. 

Very  frequentl>'  amyloid  degeneration  develops  in  the  walls  of  tlio 
eapilliiries^  a  zone  of  amyloid  substance  forming  immediately  external  to  the 
endothelial  layer.  In  the  liver  {Fig.  260)  this  may  be  demonatrat^sd  \rith 
comparative  ease.  The  amyloid  subst;ince  in  this  situation  lies  between  the 
endothelium  of  the  capillaries  and  the  liver  cells,  and  the  latter  atrophy, 
apparently  because  of  the  pressure  which  the  amyloid  8ul>8tancc  exerts.  In 
addition  to  this,  some  of  the  liver  cells  show  fatty  and  albuminous  degeneration. 
The  cells  are  enlarged,  cloudy,  and  infiltrated  with  fat  droplets.  In  Fig.  2<^0 
these  fat  droplets  are  dissolved,  but  the  cell  protoplasm  shows  the  rounded 
spaces  which  previously  contained  the  droplets.  On  the  other  hand,,  amyloiil 
does  not  seem  to  occur  in  the  liver  cells.     The  walls  of  the  small  arteries  in 
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Fio.  200.— Amyloid  iJCKQiientioD  of  the  liver.    The  otpilUry  lamen  bordBred  by  endoUielinm  ftnd  amyloid 
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the  spleen  and  also  the  veins  of  the  pulp  become  diseased  in  a  similar  fashion. 
Here,  however,  the  disease  frequently  invades  the  Malpighian  bodies  and  the 
tissue  of  the  pulp.  In  these  situations  amyloid  substiince  occure  in  great 
quantity,  often  so  great  that  in  parts  the  cellular  elements  completely  dis- 
appear. The  amyloid  applies  itself  to  the  fine  iibres  of  the  reiicuhim  in 
such  u  way  (Fig.  261)  that  it  is  doubtful  whether  the  strands  of  the 
reticulum  are  converted  into  amyloid  substance  or  become  surrounded  by 
deposits  of  amyloid  and  then  disappear  under  the  pressure  of  the  amyloid 
substance. 

As  a  matter  of  fact,  the  development  of  the  amyloid  degeneration  is 
comparatively  ditiicult  to  trace.  "Wliile  many  investigators  consiiler  that 
amyloid  is  formed  by  the  glanrl  cells  (K.  Virchow,  Frerichs,  Bottcher),  E, 
Wagner  has  tried  to  prove  that  it  appears  in  the  ve.'*sel  walls  and  causes 
atrophy  of  the  celts  of  the  gland  hy  prcssiu'e.  That  this,  speaking  generally,  is 
true  is  seen  from  the  above  facts.  It  must  be  added,  however,  that  the  amyloid 
substance  is  also  formed  at  a  great  distance  from  the  wall  of  any  blood-vessel,  as 
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may  He  observed  in  the  spleen  especially.  The  insolubility  of  the  arayloid 
substance  will  not  allow  of  the  assumptioa  that  ifc  circulates  in  the  blood  in 
solution  and  is  deposited  by  it  in  the  tissues.  We  are  forced  to  assume, 
rather,  that  the  amyloid  is  formed  ?Vt  ^iu  where  it  is  found. 

The  view  adopted  by  v.  Recklinghanson,  that  the  cells  of  the  tissue 
generate  the  amyloid  and  excrete  it  into  the  lymph  spaces  may  therefore  be 
supported ;  but  still  it  is  quite  possible  and  conceivable  that  a  preliminary 
stage  of  the  amyloid  substance  circulates  in  solution  in  the  blood  and  passes  out 
of  the  bbx)d  into  the  tissues,  where  it  is  converted  into  amyloid  by  the  action 
of  the  cells. 

In  any  case,  the  appearance  of  the  amyloid  substance,  in  the  cases  which 
have  as  yet  been  considered,  is  directly  connected  with  serious  distiu-bances  of 
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Pin.  201.— DifHuie  amyloid  degeneratioD  of  tLo  splcm.    Amyloid  ttitkiitaiice  In  tlio  walls  of  Uio  blood-ressclj, 
a,  (I,  lujd  tu  the  moahes  of  the  nticulum  of  the  pijp.     x  4S4. 

the  general  metabolism,  brought  about  by  tuberculosis,  syphilis,  suppuration  in 
bones  and  other  diseases.  These  general  disturbances  are  manifested  in  the 
individual  organs  by  amyloid  degeneration  of  the  tissue,  and  frequently  also  by 
structiiriU  changes  in  the  cell  protoplasm,  which  will  be  discussed  under 
albuminous  and  fatty  changes. 

In  other  cases,  the  metNiibolic  disturbance  which  gives  rise  to  the  appearance 
of  amyloid  substance  is  more  or  less  local.  Amyloid  tumours  may  be  cited  as 
an  example  of  such  occurrences.  These  were  first  noticed  in  the  conjunctiva  of 
the  eye,  where  they  attained  the  size  of  a  walnut  (v.  Oettingon,  Kyber^  Leber, 
Riihlmann).  More  recently,  the  occuiTenco  of  similar  tumours  in  the  larynx 
and  at  the  root  of  the  tongue  has  been  observed  (Burow,  Ziegler).  The 
amyloid  tumom-s  of  the  conjunctiva  proceed  from  circumscribed  new  formations 
of  lymphatic  tissue  by  the  growth  of  a  hyaline  substance  in  the  lymphoid  cells  as 
well  as  in  the  vessel  walls  and  free  in  the  tissues.     This  shows  no  amyloid 
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reaction  at  first,  it  is  true,  but  is  suljsequently  converted  into  true  amyloid. 
In  Byphilitic  scars  in  the  liver  and  in  other  sitiiiitions  the  occmTence  of  local 
amyloid  degeneration  has  been  observed.  The  fact,  observed  by  Kahlrannn 
and  Kubly,  that  amyloid  conjunctival  tuinonrs  are  completely  absorbed  aftei' 
partial  extirpation  is  of  great  interest.  It  shows  that  the  tissues  are  alile  to 
render  soluble,  substances  which  are  insoluble  in  water  or  the  body  fluida 
and  are  hard  to  decompose  even  in  strong  acids.  We  may  therefore  count 
upon  the  possibility  of  gradual  absorption  of  a  dirt'use  amyloid  degenemtion,  at 
least  when  it  is  possible  to  remove  the  cause  of  the  disease. 

The  f'oi-jfi/ni  omylarta  occupy  a  sfwcial 
position.  These  are  strongly  refractile,  con- 
centric or  radially  stnped  concretions  which 
give  the  amyloid  reaction.  Such  structures 
are  very  frequently  found  in  the  alveoli  of 
the  prostate  of  elderly  men  (Fig.  202),  as 
was  noted  by  even  Morgagru.  According  to 
Stilling's  investigations,  corpora  amy  lac  ea  of 
the  prostatjfi  occur  quite  commonly  before 
puberty.  Similar  structures  are  not  infre- 
quently observed  in  the  lungs,  either  free  in 
the  alveoli  or  enclosed  in  htfrnorrhagefi  or 
fihrino!is  exudation  (Friedreich,  Zahn,  Lang- 
hans).  The  concentric  lamination  is  some- 
times so  tine  that  it  can  only  be  recogrdsed 
under  a  very  high  power.  The  corpora 
amylacea  of  the  central  nervous  system, 
fii-st  observed  by  Yirchow,  are  very  common. 
They  are  found  almost  invariably  in  the 
cerebral  substance  in  the  neighlxjurhood  of  the  ependyma  of  the  cerebral 
ventricles,  and  also  in  the  bniin  and  spinal  cord  within  diseased  foci  in 
which  the  nerve  fibres  have  been  destroyed  and  repkced  by  proliferation 
of  the  neiu-oglia.  On  the  mucous  membrane  of  the  ui-inary  passages  and  in 
tumours  also,  coipora  amylacea  are  observed. 

Siegert  has  describeil  a  very  useful  method  of  staining  these  bodies. 
Portions  of  tissue  which  contain  corpora  amylacea  are  first  washed  in  water 
and  placed  in  strong  solution  of  iodine  in  iodide  of  potassium.  They  are  then 
decolorised  in  concentrated  alcohol,  washed  in  a  10  per  cent  solution  of  hydro- 
chloric acid,  alladinised  itt  water  and  mounted  and  examined  in  origanum  oil. 


Fig.  203.— Corpom  aiuylacett  of  the  jjroslato 
X270. 
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y.  Liquefaction  and  Atheromatous  Degeneration 

Tissues  which  have  undergone  caseous,  Bimple  hyaline,  or  mucoid  degeneni- 
tlons  sometimes  become  more  or  less  completely  Uquejied.  Cystoid  cavities  are 
thus  formed  in  the  diseased  areas,  filled  with  more  or  less  turbid  fluid  and 
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PlO.  MS.— Cboloaterio  ^ryitaU  ttom.%tjni  of  the  tiiyrold,  x  OOl 


disintegrated  tissue.  The  -walls  of  these  cavities  are  irregular,  rough,  or  ragged 
in  appearance,  caseous  to  a  greater  or  less  degree,  and  show  hyaline  or  mucoid 
degeneration. 

A  special  form  of  li(]uefaction  is  called  atkfromataus  dtgeneraiion.  This  word 
is  derived  from  the  Greek  wurd  aOkfH),  which  raetiiis  pulp.  The  products  of 
atheromatous  degeneration  appear  as  iK>rridge-likc  m.-isses,  in  which  peculiar, 
glistening  pMrticles  are  usmilly  pre-sent  which  ptove  to  be  cholestorin  crystals 
(Tig.  '2G3). 

Those  porrirlge-like  tmisses  are  not  infrequently  found  in  greatly  dilated 
hair  follicles  and  in  the  cystic  timiours  known  as  dermoids.  In  Ijoth  cases  the 
atheromatous  pulp  is  niudo  up  of  shed,  disintegniting  sqtiiimous  epithelium, 
together  with  ulburainous  wmX  fatly  dctritu.s,  cholcsterin  crystfds,  and  a  varying 
quantity  of  fluid.  The  rK.Turrence  of  atheromatous  degeneration  is  not  limited 
to  epithelial  structures,  however.     It  is  also  found  in  connective  tissue. 

The  pitholngical  new  formations  of  connective  tissue,  which  bo  frequently 
develop  in  the  intima  of  the  largo  arteries^  are  especially  liable  to  atheromatous 
degeneration.  In  the  floscHption  of  the  simple  hyaline  degenerations  it  was 
mentioned  that  many  general  dirftui'bances  of  nutrition  lend  to  a  weakening  of 
the  middle  coat  of  the  vessel.  The  vessel  wall  is  stretdied  by  the  blood- 
pressure,  the  lumen  of  the  vessel  dilates,  and  connective  tissue  thickening  of  the 
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intima  takes  place,  so  that  the  hiraen  of  the  vessel  becomes  again  adapted  to 
the  blood-atream-  Not  infrequently  this  stretching  of  the  middle  coat  of  the 
vessel  becomes  very  excessive  at  some  pirts  of  the  circumference  of  the  vessel, 
and,  accordingly,  the  now  formation  of  connective  tissue  is  very  considerable 
(Fig.  264).  This  newly-formed  connective  tissue  has  now  to  8upi>ort  a  great 
part  of  the  tension  of  the  walls.  For  this,  however,  it  is  not  cjuite 
competent  The  increiising  dilatation 
of  the  lumen  of  the  vessel  continues 
to  stretch  the  wall,  luitil  at  last  the 
nutrition  of  the  newly-formed  connec- 
tive tissue  is  impaired  ;  some  portions 
of  it  die  and  undergo  simjjlc  hya- 
line degeneration.  In  the  hyaline 
portions  a  finely  gmnidar  disintegm- 
tion,  with  softening  and  liquefaction, 
develops  under  certain  circumstances. 
Cholesterin  crystals  are  present  in 
the  softeuwl,  granular,  degenerating 
masses.  This  softening  is  atheromat- 
ous disintegration.  These  areas  of 
softening  occur,  as  a  rule,  in  the 
deeper,  oldest  connective  tissue  layers 
of  the  intima  nearer  the  mediiu  They 
may,  however,  break  into  the  lumen 
of  the  vessel  or,  sometimes,  exteiKl  to 
the  media.  Atheromatous  degenera- 
tion, like  simple  hyaline  degeneratiori, 
is  associated  ivitli  increase  in  volume 
;uid  swelling  of  the  degenerating  parts, 
so  that  the  atheromatous  foci  project 
somewhat  into  the  luraon  of  the  blooil 
channel,  as  shown  in  Fig.  i2<U. 
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VI.  Petrification  and  Formation  of 
Concretions 


Fio.  2tM.— Trausvers»e  sBctiori  «jf  thi>  abilomiiuil  aorta. 
Thfi  tnetlln  1«  repreaent«i  dark,  ami  is  Ihiniutl  and 
bulging  al  une  part.  At  the  iwme  afxit  tliR  intima 
shows  a  iiodular  thiekeniitg  by  now  connective 
tiMue,  partly  hyaline  and  partly  atheromatotia.  The 
atben>inatoU4  foci  are  shaded  darkly.    X  11. 


Various  salts  are  sometimes  de- 
posited in  granular  form  within  the 
tissues,  petrificulion  of  the  tissues.  CaU 
dfieaium  and  incnistaiion  miih  imttfs 
may  be  mentioned  here  as  the  most 
importtmt. 

Similar  processes  are  carried  out 
in  the  tissue  spaces,  the  excretory 
duets  of  the  glands,  in  cavities  which  are  lined  l)y  mucous  membranes,  and  also 
inthin  the  blood-vessels.  In  these  situations  deatl  cells,  flakes  of  mucus,  and 
ftbrinuus  coagulations  are  impregnated  aJid  coated  by  ciystallitie  and  granular 
secretion  of  varying  chemical  composition,  /Vfr/^/?7»'f/ff>/i  of  mIcuH. 

(Jalcifiratwn  of  fhe  ti<itm's  arises  from  the  deposit  of  finely  granular  molecules 
of  carlwnate  or  phosphate  of  lime.  These  molecules  may  be  dissolved  by  strong 
mineral  acids,  such  as  hydrochloric  or  nitric  acid,  with  the  evolution  of  bubbles 
of  carbonic  acid  gas,  when  a  sufficient  quantity  of  carbonate  of  lime  is  present. 
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If  sulphuric  acid   be  iised,  sulphate  of   lime  or  gypsum  separates  in  r^idially 
arranged  spicules. 

Calcified  tissues  are  more  or  less  hard  and  rmiy  even  be  hard  as  stone. 
Under  the  microscope  fine,  very  refractilo  granules  are  found  in  the  intercellular 
substance  and  even  deposited  in  the  cells  of  the  tissue  also.  These  granules 
appear  dark  by  transmittt-d  light,  but  white  l>y  direct  H^ht.  The  tissues  are 
thus  more  or  less  opaque  as  a  rule.  In  extreme  calciticjition  the  granules  of 
chalk  are  so  close  to  each  other  that  they  become  fused.  At  such  spots  the 
calcified  tissues  regain  a  certain  amount  of  transparency. 

Calcificiition  of  the  tissues  also  occurs  physiologically  in  cartilage,  for 
instance,  at  the  lines  of  o.ssification.  The  calciiication  of  the  costal  cjirtilages,  the 
laryngeal  cartilages,  and  the  arterial  walls  in  old  age  is  also,  partly,  a  physio- 

logiciil  phenomenon.  It  appears  as  the  result 
of  senile  involution  of  the  bones,  when  a 
great  quantity  of  lime  -  salts  pass  into  the 
blood.  The  greater  i>art  of  these  are  ex- 
creta by  the  kitlney  and  also  by  the  intes- 
tine. On  their  way  from  the  l>ones  to  the 
excretory  organs  some  of  these  lime  -  salt« 
are,  in  many  cases,  deposited  in  a  grsmular 
form  in  the  cfiitifnges  mentioned,  in  the 
vessel  walls,  the  connective  tissue  of  the 
ronal  papilkp,  and  in  other  parts.  These 
deposit*  are  certainly  only  temi>orary.  The 
involution  of  the  bones,  very  rapid  to  begin 
with,  subsequently  makes  very  nuich  slower 
progress ;  the  proportion  of  lime  in  the 
blood  becomes  less,  and  the  depo.sit.s  of  lime 
in  the  cartilages,  vessel  walls,  and  other 
tissues  disappear.  In  very  advanced  life, 
therefore,  petrification  is  found  to  be  much 
more  mre  than  between  fifty  and  seventy. 

The  same  petrifications  occur  in  early  life,  as 
pathological  phenomenal,  in  prenuiture  senes- 
cence, in  serious  disturbances  of  the  general 
metabolism  connected  with  manismus,  and 
Ufitly,  in  various  diseases  of  the  bones  associ- 
atefl  with  extensive  solution  of  the  liine'Sj\lt& 
The  deposit  of  subsUnces  ciicnlating 
in  the  blood  which  so  frequently  cK'cura 
in  many  organs  is,  iis  a  nile,  described  as 
infiltration.  The  expression  infiltraliott  with  Ituu;  is  little  used,  because  it  does 
not  indicate  the  impi^rtant  difierence  between  petnfimikm — that  is,  deposit  of 
granular  and  crystiiUine  maascs  of  lime — and  ossification^  or  formation  of  true 
bony  tissue.  In  lioth  cases  lime -salts  circulating  in  solution  in  the  blood 
infiltrat'C  the  tissues  and  are  secreted  in  a  s«»lid  form.  In  0:<>iJimHw>,  however, 
the  lime  irdiltration  appears  as  an  essential  part  of  a  process  of  new  formation 
of  tissue,  while  in  petrification  no  new  tissue  is  formed.  The  physiological 
petrification,  just  mentioned  as  occun-ing  in  old  age,  appears  rather  to  be  a 
retrotffemve  luisu^  cluinye,  like  the  pathological  petrifications ;  and  if  the  lime 
disappeai's  from  one  organ  to  l>e  deposited  in  another,  it  may  be  termed,  as 
Virchow  has  suggested,  calcare4/U£  mdastasis. 
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Fui.  2(tft.— TtmuBvenM  tectlou  Umniglt  Ui«  wnU 
of  the  ab<r|f>mln»l  aorta,  a,  InUnui ;  b, 
UArkly-'fliadod  ineillt ;  c>,  iidventitta.  A 
caU;ihc«l  iirtaiCsluiiliHl  ilaikly)lo  the  byulliio 
pfttt  of  Uie  intinuu    >:  i'i. 
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In  calcareous  metastasis  portions  of  tissue  which  are  dead  and  undergoing 
disintegration  form  the  commonest  seat  of  the  calcification.  In  the  arterial 
walls,  tberefore,  cakification  is  chiefly  met  with  in  diseased  portions  of  the 
intima  and  media  where  there  is  hyaline  or  atheromatous  degeneration  (Fig. 
265).  In  the  sjime  way,  calcification  in  the  costal  and  laryn^'eat  cartilages 
selects  the  finely  fibrillated,  split-up  parts  of  the  intercellular  snbstance  (Fig. 
266).  It  may  happen,  however,  that  isolated  cartilage  cells  or  thoir  capsules 
calcify,  while  the  older  intercellular  suhslance  surrounding  them  remains  tm- 
aftected.  In  calcareous  metastasis,  calcification  sometimes  occurs  in  tissues  which 
are  otherwise  quite  normal.  This  happens  in  calcification  of  the  renal  papilla*, 
for  instance  (Fig.  267).  It  also  occurs  in  the  arterial  walls,  in  which  case 
the  QOiToal  intima  and  media  become  infiltrated  with  numerous  granular  or 
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Fio.  206.— Calcincation  or  tJ'  iLtted  liitercolInlar«nbaUii  cal  eutlkge  in  an  old  mjin. 

Trviatin«tit  with  uluiii  carjuiut'  1u.l:3  vucli.iruwn  R  imrtlon  or  the  caicArt>aua  graiiulu:!^  tnaxi  the  fibrillAted  port. 
Mliere  Die  tl»8ue  \a  eiill  (.itlcareoiiij,  it  apitearB  pule  on  account  uf  the  l'Io»o  a[)iio»ition  of  the  moIeoolM  of 
lime.    X  270. 

irregidai'ly  projecting  calcareous  deposits.  Liiatly,  calcification  of  the  tissue  of 
the  lungs  should  be  mentioned  among  the  metastatic  calcifications.  It  is  a 
rare  condition,  but  when  present  may  be  very  extensive.  The  kings  appear  stiff 
and  hard  as  bone  in  some  parts,  although  they  present  no  change  in  colour  or 
structure  to  the  naked  eye.  The  deposit  of  lime  in  the  pulmonary  tissue 
can  be  easily  demonstrated  microchemiciiUy,  however. 

Calcification  of  the  tissues  also  occm-s  at  an  earlier  period  of  life  under  circum- 
stances which  do  not  warnmt  us  in  assuming  that  there  has  been  any  calcareous 
metastasis.  In  these  cases,  also,  we  have  to  deal  with  calcification  of  dead  tissue, 
as  a  rule,  so  that  the  localisiition  of  the  calcification  may  be  similar  to  that  in 
calcareous  metastasis.  Calcification  seems  here  specially  to  affect  hyaline  de- 
generated portions  of  the  vessel  wall  and  the  cardiac  valves.   In  certain  poisonings 
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(poisoning  with  corrosive  sublimate,  Kaiifmanu),  necrosis  of  the  renal 
epithelium  with  subsequent  calcification  of  the  dead  cells  takes  place. 
Calcification  is  also  observed  in  tumours,  and  in  this  case  also  it  occurs  in 
areas  showing  distinct  appeiiraucea  uf  disintegration.  De;id  embryos  retained 
in  the  abdomen  or  uterus  sometimes  become  calcified,  and  the  very  rare 
condition  of  Ufhopadion  is  produced.  It  may  also  happen  that  partisites  which 
die  within  human  tissues  become  impregnated  with  lime-salts. 

Inasmuch,  however,  as  local  tissue  necrosis  does  not  by  any  means  invariably 
entail  calcification,  attention  must  be  directed  to  the  condition  of  the  general 
metabolism,  even  when  no  metastasis  of  h*me  is  present  It  is  assumed  that 
local  necrosis  leads  to  c^dcification  only  when  large  quantities  of  lime-salts  are 
taken  up  by  the  blood.  In  many  animals,  such  us  rabbits  or  ruminants,  whose 
food  contains  a  large  quantity  of  lime-salts,  calcification  is  a  very  usual  conse- 
quence of  local  death  of  tissue. 
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:;lt;*  lu  Tlic  ouurst  of  the  urinifirrous 
1 1  iy  (II  irregular  tnajis<^Ji.     >:  300. 


The  deposit  of  uraks  which  accompanies  gout  is  of  great  practical  im- 
portance and  general  interest  It  chiefly  selects  the  articular  cartilages  and 
ligaments,  the  tendon -sheaths  and  tendons,  the  subcutaneous  cellular  tissue 
and  the  kidneys.  Thu  de^msits  consist  mainly  of  urate  of  soda,  sometimes 
accompanied  by  small  quantities  of  cai'bonate  or  phosphate  of  lime.  The 
gouty  deposits  in  the  articular  cartilages  may  be  easily  traced.  At  first,  fine 
needle-shaped  crystals,  sometimes  truncatod,  sep;irate  out  in  the  intercellular 
substance  of  the  cartilage  (Fig.  268).  The  cells  of  the  cartilage  show  no 
changes  at  first.  If  the  secretion  of  urates  becomes  more  extensive,  the  parts 
become  extremely  opaque ;  they  appear  dark  by  transmitted  light  (Fig.  269), 
but  brilliant  white  by  reflected  light,  so  that  the  gouty  changes  can  be  easily 
recognised  in  the  tissues  with  the  naked  eye.  In  extreme  incrustation  ^vith 
urates  the  incrusted  areas  of  tissue  die  and  thus  give  rise  to  further  dis- 
turbances. These  are  very  characteristic,  especially  in  the  joints,  as  will  be 
fully  described  afterwards. 

Gmtt  is  a  general  disturbance  of  metabolism,   in  which  unusually   large 
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be  classed  among  the  free  concretions  and  stone  fommtions  (Fig  270)  which 
develop  in  the  hmiina  of  the  tissue  spaces  and  of  the  glandular  ducts.  These 
tunc  acid  infarcts  are  most  frefjuently  found  within  the  first  two  weeks  of  life, 
less  frequently  in  the  ftfetal  period.  Since  they  do  not  occur  invariably,  they 
may  he  rcgfirded  as  pathological  formations  indicating  a  sb'ght  metabolic 
disturbance  (IC.  Virchow,  W.  Ebstein). 

Concreiums  are  spherical,  mulberry -8haf>ed,  or  branching  bodies,  fre- 
quently laminated  or  radially  striated,  which  are  formed  free  in  the 
tissue  spaces,  in  the  lumina  of  the  vessels,  in  ducts  of  glands,  and  io 
cavities  lined  with  mucous  membrane.  Many  consist  only  of  organic 
albuminoid  masses,  like  the  corpora  amylacea  already  mentioned,  or  the  nee 
bodies  of  the  Joints  and  peritoneal  cavity  which  are  formed  from  laminated 
masses  of  fibrin.  Very  often  the  organic,  aUtuminoid  nucleus  becomes  incrusted 
with  a  hard  substance  secreted  either  in  a  giunular  or  in  a  crystalline  form. 

Brain  sand  is  made  up  of  small  calcareous  concretions  of  this  kind,  and  isj 
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Fio.  270.— Uric  add  lafkrot  of  tho  kidney.    Longltndia»l  »cctlou  of  »  straight  uribtferous  tubule  in  the  ki<liiey 
of  a  child  wlto  di«d  Uu«e  aud  a  Ikalf  day»  ofttr  birth.    Glandular  aecrvtion  of  untm.    x  300. 

found  normally  in  the  pineal  gland.  Psammoma  of  tho  dura  and  pia  mater 
and  the  choroid  plexus  are  largely  conijjosed  uf  this  substance.  Pmmmomt 
gramdf-s  are  very  calcareous  concretions,  concentrically  laminated,  and  sometimes 
also  showing  radial  striation  (Fig,  271).  If  the  lime  be  carefully  dissolved  out 
with  acids,  concentrically  laminated  spheres,  consisting  of  albuminoid  material, 
are  left  behind.  Besides  those  concentrically  laminated  concretions,  calcareous 
incrustations  of  connective  tissue  fibres  and  blood-vessels  are  present  in 
psammoma — that  is,  petrification  of  the  tissue  elements  (R.  Virchow,  J.  Arnold), 

Larger  masses,  easily  seen  with  the  naked  eye  and  containing  crystalline 
salts,  are  found  in  the  various  cavities  of  the  human  body.  To  this  class  belong 
the  calcified  thrombi,  already  mentioned,  which  are  found  in  the  blood-vessels, 
as  urtenolUhs  va\A  phl^holUhs,  and  also  the  concretions  formed  in  the  inkstin^^,  in 
the  effcraU  dwis  of  the  salivanj  glaiuis^  the  bile  dud$^  urinary  passages,  jrrtpulial  mc, 
the  hrmcJiiy  and  other  situations. 

The  investigations  as  to  the  formation  of  guU-staneit  are  of  great  importance  ; 
regards  the  theory  of  the  formation  of  concretions.     These  are  very  rare  before" 
the  thirtieth  year,  while  later  they  become  very  much  more  common,  so  that  they 
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are  found  in  25  per  cent  of  all  bodies  over  sixty  years  of  age,  the  disease 
being  considerably  more  common  in  women.  Gall-stones  are  from  two  to 
four  times  more  common  in  women  than  in  men.  These  facts  are  regarded 
as  indicating  that  bile  stasis  favours  the  occurrence  of  gall-stones,  since  it 
easily  causes  catarrh  of  the  bile  ducts.  This,  again,  leads  to  epithelial 
desquamation  and  to  exudation.  The  bile  becomes  higlily  albuminous,  and 
the  albumen  in  the  bile  favours  the  deposit  of  bilirubin  in  combination  with 
calcium  salts,  as  Naiinyn  proved.  This,  together  with  the  desquamated 
epithelium,  forms  brown  amorphous  sediments  in  the  contents  of  the  gall- 
bladder, round  which  a  firm  shell  of  bilirubin  and  calcium  salts  is  subsequently 
deposited.  A  small  gall-stone  may,  accordiugly,  enclose  a  cavity.  This  is 
afterwards   filled   up  by  cholesterin  crystals,  while  new   layers  of  bilirubin, 
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Via.  371.— Sand  gmnulas  from  n  pMiiDiDO.nbnnnit  of  tha  chcFToid  plemu,  x&lS. 


calcium  salts,  and  cholesterin  become  applied  externally.  These  new  layers 
also  contain  albuminoid  masses,  so  that,  after  the  crystalline  constituents  of 
the  gall-stone  are  dissolved  out,  an  organic  framework  remains  behind  which 
shows  the  same  radial  and  concentric  striation  as  appears  on  the  broken  or  cut 
surfaces  of  most  gall-stones. 

These  facts,  which  have  recently  been  thoroughly  worked  out  by  Naunyn, 
throw  great  light  on  the  process  of  the  free  formation  of  calcnli.  They  seem 
to  suggest,  however,  that  the  formation  of  gall-stones  is  also  iufiuenced  by  local 
and  general  disturbances  of  metabolism.  It  is  true  that  a  generous  or  poor 
diet  does  not  perceptibly  influence  the  proportion  of  cholesterin  or  lime  in 
the  normal  bile ;  but^  on  the  other  hand,  the  fact  remains  that  the  composition 
of  the  gall-stones  shows  great  difference.  Most  gall-stones  are  made  up  mainly 
of  cholesterin,  some  mainly  of  the  bile  pigments,  bilirubin  and  biliverdin,  and 
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others,  again,  mainly  of  carbocate  of  lime.  These  differences  indicate  that  other 
causes  besides  those  I  have  mentioned  come  into  play  in  the  formation  of  gall' 
stones,  and  amongst  these  the  most  immediate  are  local  disturbances  of 
the  function  of  the  liver  and  general  distui^bance  of  motabolibm,  which 
influence  the  formation  of  bile.  It  can  be  supposed  that  slight  variations 
in  tlie  composition  of  the  bile  might  produce  slight  irritative  conditions  in 
the  wall  of  the  biliary  passages  and  the  gall-bladder,  and  that  desquamated 
epithelium  and  exuded  albumen  in  the  bile  would  then  bring  about  the 
chanjj'es  just  described,  viz.  deposition  of  bilirubin,  calcium  salts,  cholesteriti, 
and  the  formation  of  calculi.  This  point  of  view  explains  the  increasing 
frequency  of  gall-stones  as  age  advances,  and  tlieir  more  frequent  occuiTence 
among  women,  in  whom  a  sedentary  mode  of  lifo  and  the  occurrence  of 
pregnancy  offer  many  more  chances  for  disturbance  of  the  secretion  of  bile. 
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Fkj.  7.1%—OaM^tmm*  a»  b|  e,  Cbolest«Jlu  •tone*,   v,  CtUculua  [jaased  {icr  anuiii ;  d/couiniiiting  of  urates  ;  f, 
f<)riiie<t  frvjiD  dkolMtinta  iu>4  pigmenlr:  /,  stou«  fonne^i  of  pigtnenttid  cAlcarcons  utAttwr.    Natuiml  iiicu. 

In  tlic  formation  of  m<ikal  mladi  the  influence  of  general  metabolic  disturb- 
ances is  much  more  apparent  than  in  the  formation  of  biliary  calculi.  Vesical 
calculi  present  very  varied  forms,  as  sand  or  gravel,  or  as  rounded,  flat,  or 
irregular  calculi,  sometimes  faceted  by  friction,  varying  from  the  size  of  a 
linseed  to  that  of  a  walnut,  occurring  in  the  pelvis  of  the  kidney,  the  ureters, 
the  bladder  (Fig.  273),  or  lastly,  as  branching,  stony-hard  casts  of  the  pelvis  and 
calicea  of  the  kidney  (P^g.  274). 

Voaical  calculi  also  consist  of  a  framework  of  albuminoid  substance,  in 
which  a  quantity  of  salts  are  deposited  in  a  crystalline  form.  These  are,  as  a 
rule,  not  perfectly  pure,  but  mixed  in  many  varying  proportions.  The  principal 
constituents  of  the  following  main  varieties  of  vesical  calculi  can,  however,  be 
distinguished : — 

(1)  Urir  iiciil  calculus,  made  up  chiefly  of  uric  acid  or  urates  of  soda,  lime, 
ammonia,  or  magnesia. 
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(2)  Phutphatk  o.(l''u(u.'t,  cbiefly  consisting  of  phosphate  of  lime  and  ammonio- 
magnesium  phosphate. 

(3)  Calcium  mrhoruite  atkuhL%  formed  of  carbonate  of  lime, 

(4)  Calcium  oxalate  adculus,  of  oxalate  of  lime. 

(5)  Ct/stin  mImhL%  of  cystin. 

(6)  XatUhin  ralcvlits^  of  xantbin. 
Many   of    these    calculi,    those    consisting   of   phosphates   especially,    are 

evidently  due  to  catarrhal  processes  in  the  mucous  membrane  of  the  urinary 
passages.  In  alkaline  fermentation  of  the  nrine,  the  ]ihosphates  of  the  urine 
separate  out  and  become  converted  into  ammonio-magnesiura  phosphates.  This 
crj'stalline  excretion  then  begins  to  incrust  shed  epithelial  cells,  Hakes  of  mucus, 
and  sometimes  foreign  bodies  which  have  passed  into  the  bladder  from  without. 
Largo  concretions  are  subsequently  formed  by  further  incrustation  with  salts. 
Calculi  do  not  form  in  every  long-^:ontinued  catarrh,  however,  so  that  other 
peculiarities  are  also  present  which  are  not  yet  fully  explained.  These 
peculiarities  are  perhaps  dependent  upon  the  coDsistence  of  the  renal  secretion, 

and  therefore  upon  general  mi*tabolism. 
Ill  other  e;iaes,  diverticula  of  the  bladder, 
in  which  shed  epithelium,  mucus,  and  sedi- 
ment are  retained  for  a  long  time,  favour 
y     '  ^    '^5^^"-'"^W  the  formation  of  calculi. 

fmi^k  'X^f^  '^i^^  Urate  of   ammonium   and   oxalate   of 

lime  are  not  normal  constftuents  of  urine, 
but  are  products  of  decomposition  which 
occur,  the  one  in  alkali ue,  the  other  in  acid 
fermentation  of  the  urine.  The  presence 
of  one  or  other  of  these  substances  in  renal 
calculi,  therefore,  gives  some  grounds  for^ 
the  supposition  that  catarrhal  processes  are 
partly  concerned  in  the  formation  of  calculi. 
The  very  varying  course  of  such  catarrhs 
w^ould  also  explain  why  renal  calculi  are 
so  often  made  up  of  concentric  laminae 
of  substances  which  differ  chemically 
and  ph^'sically,  and  why  renal  calculi  of 
ditterent  composition  occur  in  the  same 
patient.  Gaultier  de  Chaubry,  for  example,  found  a  renal  calculus  made  up  of 
uric  acid  and  phosphate  of  lime  in  the  pelvis  of  one  kidney  in  a  dead  body, 
and  in  the  pelvis  of  the  other  kidney  four  calculi  made  up  of  oxalate  of  lime  and 
uric  acid 

For  formation  of  calculi  in  the  urinary  passages,  peculiarities  of  the  general 
metabolism  arc  of  great  importance.  This  is  easily  seen  from  the  fact  that 
calculi  of  the  bladder  and  kidney  occur  in  children  under  cii'comstances  which 
exclude  catarrh  dependent  upon  external  infection.  It  may  be  that  abnor- 
mally-constituted renal  secretion  causes  certain  irritative  conditions  of  the 
mucous  membrane  in  the  urinary  passages,  which  give  rise  to  shedding  of  the 
epithehura,  exudation,  and  the  formation  of  calculus.  In  this  case,  however» 
dbturbance  of  metabolism  is  the  determining  etiological  factor.  This  usually 
leads  to  a  very  great  formation  of  uric  acid  and  urates.  It  is  on  this  ground 
that  El>stein  connects  the  formation  of  calculi  in  the  urinary  passages,  on  the  one 
hand  with  the  uric  acid  diathesis  of  the  newly-born  child,  as  manifested  by  the 
uric  acid  infarcts  already  described,  and,  on  the  other  hand,  with  gout.     As  a 


V\Q,  ?T4.— Brnncliing  calculiui  in  Uip  pelvis  and 
callces  of  the  kidney.  Tlie  kidney  incliied 
froiit  the  eotivez  Buiikoe.    One*hair  luitunl 
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matter  of  fact,  very  many  vesical  calculi  do  consist  of  uric  aciil  aud  urates,  or 
contain  a  smaller  or  larger  nucleus,  made  up  of  urates  (Fig.  273).  In  conse- 
quence of  aggravation  of  the  catarrhal  processes,  layers  of  phosphates  or 
oxalates  of  varying  thickness  may  be  deposited  on  these  nuclei. 

The  formation  of  cystin  calculi  also  originates  in  disturbances  which  take 
place  outside  the  urinary  system.  Baumann  and  v.  Udransky  showed  that 
abnomial  decompositions  of  albumen  in  the  intestine,  due  to  bacterial  action, 
produced  the  conditions  for  secretion  of  cystin  in  the  kidneys.  Ebstein  and 
Nicolaier  were  also  able  to  produce  concretions  of  oxaniide  in  the  urinary 
passages  in  dogs  and  rabbits  by  feeding  the  animals  with  oxamide. 

AU  these  facts  bear  witness  to  the  great  importance  of  distmbances  of 
metabolism  in  regard  to  the  formation  of  calculi.  DisturKince  of  metabolism, 
however,  does  not  in  itself  lead  to  formation  of  calculi.  This  oidy  occurs  when 
the  metabolic  disturbance,  or  some  other  exciting  cause  of  dise/ise  of  external 
origin,  gives  rise  to  pathological  conditions  of  the  mucous  membranes,  which 
provide  the  organic  albuminoid  basis  for  the  concretions.  Regarded  in  this 
light,  the  organic  albuminoid  framework  foiind  in  the  concretions  is  of  very 
great  importance  in  the  formation  of  calculi.  This  organic  fi*amework  and  its 
relation  to  catarrhal  conditions  did  not  escajie  the  notice  of  the  older  chemists 
and  pathologists.  As  early  as  1818  Job,  Friedr.  Meckel  sjwke  of  the  possi- 
bility of  the  ''animal  mixed  substance"  causing  the  cohesion  of  ccrtTtin  substances, 
i.e.  the  deposit  of  cryst<illine  salts.  It  was  the  work  of  Ebstein,  Posner,  Naunyn, 
Studensky,  anfl  others,  however,  that  first  clearly  traced  the  action  of  the  organic 
(generally  albuminous)  basis  or  stroma  of  the  concretions.  From  these  authors 
it  was  learned  that  albuminous  substances  c^n  separate  out  crystalline  salts 
from  their  solutions,  in  the  same  way  aa  the  albumen  of  the  ben's  egg,  accord- 
ing to  Steinmann's  discovery,  separates  carbonate  of  lime  from  various  solu- 
tions of  lime-salts. 
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VII.  Albuminoas  and  Fatty  Degenerauon 

Albumimms  degmieratmi  was  regarded  by  Virchow  as  a  jmraicht/maious 
injlammalionj  and  termed  by  him  vhtudtj  awdlirpj.  The  cells  were  supposed,  as 
a  consequence  of  inflammatory  iiTitation,  to  absorb  so  much  more  nutriment 
than  usual,  that  disturbance  of  the  interna!  structure  of  the  cells  subsequently 
occurred  and  their  further  existence  was  endangered. 

There  is  no  doubt  that  the  theory  of  inflamraation  in  some  of  its  most 
essential  points  is  at  variance  with  the  results  of  inductive  research.  It  is  no 
longer  a  sufficient  explanation   of    the   causes   of   patbologictd   disturbances. 
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Apart  from  the  theory  of  inflammation,  however,  VirchoTr's  doctrines  are 
of  great  importance.  They  have  drawn  attention  to  the  fact  that  nuint/  dis- 
turbances  of  nutntinn  of  tkf  tUsues  are  manijeded  Inj  dhturbances  of  the  phydail  atid 
chemkal  strndure  of  Uw  cdl  protopkwn,  ih^  cdl  nucleth%  and  the  hiiitologiml  ekinenti 
of  tfif  iniem'llidar  sidt.'itdncf.  The  progress  which  hus  since  been  made  in 
physiology  and  pathology  makes  it  possible,  however,  to  deiine  more  accurately 
the  relations  of  albuminous  and  fatty  degenerations  to  geneml  and  local  metfi- 
bolic  disturbances,  and  thins  to  obtain  a  precise  idea  of  their  meaning.  It  will 
thus  appear  that  cloudy  swelling  is  not  the  result  of  over-nutrition,  but  rather 
of  a  relatively  insufficient  absoiiytion  of  nutritive  material 

Albuminous  degeneration  takes  the  form  of  a  retrogi'essive  tissue  change, 
manifested  by  the  apjjearance  of  granular,  albuminoTis,  or  albuminoid  degenera- 
tive products.  Tlie  tissue  elements  acquire  a  cloudy  appeiirauce  from  the  finely 
molecular  albimiinoid  substjincea  secreted,  Aflsociated  with  the  cloudiness  of 
the  tissue  elements  there  is  freriuently  an  increase  in  their  volume.  The 
functions  of  the  tissues  and  tissue  elements  may  be  fairly  maintjuned  at  first, 
although  they  are  more  or  less  disturbed.  The  pathological  disturbances  may 
subside  and  give  place  to  the  normal  condition  again  ;  but,  under  certain  cir- 
cumstances, they  increase  and  lead  to  local  death  of  tissue  or  to  death  itself. 

These  changes  chiotly  afiect  the  cells,  especially  those  whose  specific  function 
IB  chemical,  such  as  the  glandular  cells  of  the  liver  or  kidney,  the  epithelial 
coverings  of  the  mucous  membranes,  the  muscles,  etc.  All  those  cells  whase 
specific  function  is  chemical  may  bo  called  pnrenchiifmatmis  celh,  bearing  in  mind 
that  contraction  of  a  muscle  must  also  be  regarded  as  a  chemical  process,  in 
which  chemical  energy  ia  transformed  into  heat  ami  mechanical  work.  It  will 
thus  be  easily  understood  that  it  is  in  the  cells  which  have  a  specific  chemical 
function  that  pathological  processes  which  lead  to  change  of  the  chemical 
stnicture  of  the  cells,  and  to  the  deposit  of  granular,  albimiinous,  and  albuminoid 
molecules,  are  relatively  often  observed. 

.\lbuminoid  degeneration  occurs  also,  however,  in  the  cells  which  form  the 
stroniH.  Those  are  cells  which  compose  tissue  whose  specific  function  is 
mechanical,  \'iz.  intercellular  substance  or  stroma,  cartilage,  bone,  and  related 
forms  of  connective  tissue. 

The  third  and  last  form  of  cell  to  be  mentioned  is  the  vixfvifuj  c^ll,  i.e.  the 
cells  of  tbc  blood  and  lymphs  the  wandering  cells  of  connective  tissue  and 
epithelium.  Under  certain  conditions  these  also  UJulergo  albuminous  degenera- 
tions^ as  has  already  l>een  mentin^ned  in  speaking  of  the  formation  of  yellow 
creamy  pus. 

Lastly,  it  must  be  mentioned  that,  in  many  cases,  the  inierceUular  substance 
also  shows  albuminous  degeneration. 

Some  examples  will  e.\plain  what  has  been  said.  In  albuminous  degenera- 
tion or  cloudy  swelling  of  the  liitr  cells,  these  undergo  an  increase  in  bulk 
which  may  be  demonstrated  by  the  micrometer,  but  imiy  be  recognised  in  a 
simpler,  although  not  very  accurate  manner,  by  the  increase  in  bulk  of  the  whole 
organ.  The  protopbwm  of  the  cells  at  the  same  time  becomes  cloudy  and  very 
finely  granular.  In  nonnal  liver  cells  the  protoplasm  is,  of  course,  finely 
granular,  but  it  is  so  transparent  that  the  nucleus  lying  in  the  protoplasm  may  be 
distinctly  seen  in  a  fresh  section  without  any  further  aid  from  reagents.  If 
some  cells  be  scniped  off*  M-lth  a  knife  from  a  fresh  surface  of  a  liver  affected  with 
albuminous  degeneration  and  spread  out  in  physiological  salt  solution,  the 
protoplasm  of  the  cell  will  prove  to  be  so  cloudy  that  the  cell  nucleus  is  only 
indistinctly  visible  (Fig.  275).     The  chemical  nature  of  the  granules  is  brought 
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out  vety  simply  by  replacing  the  physiological  salt  solution  (j  per  cent)  under 
the  cover-glass  by  1  per  cent  acetic  acid  aolution.  The  cells  immediately  cleiir 
up,  the  granidar  appejirance  vanit*he.s,  while  the  nuclei  appear  abirp  and  diBtinct, 
The  granules  are  therefore  solulde  or  swell  up  in  dilute  acetic  acid,  btit  are 
insoluble  if  alcohols  and  ethereal  oils,  wlhich  dissolve  fat,  are  made  use  of.  From 
these  experiments  it  is  usually  concluded  that  the  cloudiness  of  the  cell  proto- 
plasm does  not  consist  of  fat,  but  of  albumitious  or,  at  least,  albuminoid  gi-unules. 

The  increase  of  bulk  in  the  cells  in  cloudy  swelling  is,  as  a  rule,  referred  to 
absoi-ption  of  water  and  described  as  simple  swelling.  In  many  cases  the  cell 
nucleus  also  suffers  alterations.  It  swells  up  or  disappears  completely.  Finally, 
it  may  happen  that  the  whole  cell  breaks  down  ;  but,  in  such  cases,  it  is  very 
coninionly  found  that  fat  granules  are  also  present  as  products  of  degeneration, 
as  well  as  the  all»uminous  molecides.  As  the  result  of  the  pathological  processes 
just  described,  the  whole  liver  appe^irs  more  or  less  enlarged,  cloudy,  antl, 
in  addition,  contains  less  blood  than  usual,  since  the  enlarged  cells  exert  pres- 
sure upon  the  capillaries  and  therefore  drive  blood  out  of  the  liver  after 
death. 

The  conditions  in  albuminous  degeneration  and  cloudy  swelling  of  the 
kidney  are  exactly  similar.  The  kidney  appi^ars  relatively  large,  white,  and 
cloudy.  Microscopically,  an  increase  of  the  external  diameter  of  the  urinary 
tubules  may  be  more  or  less  distinctly  re- 
cognised, especially  in  the  convoluted  and 
looped  tubules.  8ince  the  thickness  of  the 
epithelial  lining  of  the  lu-inary  tubules  has 
increased,  there  can  be  no  doubt  whatever 
that  the  epithelial  cells  of  the  convoluted 
tubules  have  become  enlarged.  The  nonnal 
columnar  arrangement  of  the  epithelial  cells 
is  lost.  The  cell  protoplasm  (Fig.  276,  B) 
appeiirs  granular.     The  epithelial  cells  are 

separatetl  from  each  other  more  distinctly  yw.  876.— «,  Nonnai  uver  ceu«  wloi  pigment 
than  normallv,  and  project  m'th  a  convex  gnunu«9;  6.cioudy«w»iiiiigof  theUmceU* 
surface  into  the  free  lumen  of  the  canal.  i^  typhoid  ferer.  xeoo. 

The  cloudy  swelling  and  albuminous  degeneration  sometimes  go  on  in- 
creasing and  lead  to  local  necrosis.  A  varying  number  of  epithelial  cells  die, 
and,  in  conseqnence,  lose  their  nuclei  (nuclear  diswippearance).  Fig.  276,  C, 
which  is  intended  to  show  these  conditions,  was  taken  from  an  old  man  who 
had  swallowed  a  largo  quantity  of  5  per  cent  carbolic  acid,  and  who  died  a  few 
days  later. 

The  conditions  which  produce  albuminous  degeneration  will  not  be  fully 
considered  at  present.  The  causes  which  give  rise  to  albuminous  degeneration 
agree  in  so  many  points  with  the  causes  of  fatty  degeneration  that  it  will  be 
better  to  discuss  the  two  together. 

Fatttf  di'f^eneratioii  is  essentially  a  retrogressive  tissue  change,  similar  to  albu- 
minous degeneration.  It  ia  distinguished  from  this,  in  the  first  place,  by  the 
fact  that  the  products  of  degeneration  prove  to  be  fat  when  examined  chemically. 
It  often  happens  that  in  addition  to  albuminous  degenemtion  fatty  molecules 
are  present  to  a  greater  or  less  extent  in  the  connective  tissue,  in  the  form  of 
fat  droplets.  The  latter,  as  a  rule,  are  very  small  and  numerous,  but,  under 
certain  circumstances,  somewhat  larger  fat  drops  are  seen. 

A  high  degree  of  fatty  degeneration  may  lead  to  complete  diaintegi-ation  of 
the  tissues  into  fatty  and  albuminoid  molecules,  while  a  slight  degree  sometimes 
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In  conclusion,  it  must  be  mentioned  that  fatty  degeneration,  like  al- 
buminous degeueration,  chieHy  involves  the  cells  which  forai  the  parencb}Tna, 
but  does  not,  however,  spare  the  remain- 
ing tissue  elements. 

The  parenchyma  cells  in  a  liver 
with  fatty  degeneration  are  considerably 
enlarged  and  infiltrated  with  numerous 
fat  droplets.  These  droplets,  which  are 
distinguished  by  tbeir  great  clearness 
and  highly  refractile  power^  attain  quite 
a  considerable  size  in  many  cases,  in 
acute  phosphonis  poisoning,  for  instance 
(Fig.  277,  «),  although  they  are  much 
less  than  the  cell  itself.  If  the  fat 
be  dissolved  in  alcohol  and  ether,  or 
better,  if  the  section  be  carried  through 
alcohol,  origanum  oil,  and  Canada  balsam  after  appropriate  staining,  the  proto- 
plasmic stroma  of  the  cells  is  left  behind^  studded  with  numerous  spaces  left 
by  the  fat  drops  (Fig.  277,  6).  This  protoplasm  is  then  seen  to  bo  more  or 
less  clouded,  as  a  rule,  by  albuminous  granules.     It  may  also  have  a  varying 
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FiQ.  277.— Futly  tlejfvueratiun  of  ilie  liver  cells,  a, 
Liv^r  cell  of  a  man  who  ditHl  of  acute  pboitphonu 
polsonitjg,  examined  in  ueutml  salt  aolatiuti ;  h, 
tho  eamo  after  solutiaii  or  tho  fat  in  alcohol  nii'l 
origanum  oil ;  f,  liver  cell,  with  fatty  do^'iiin'ra- 
tion,  from  u  vr<iinaii  who  died  of  septico-pyjeiiita. 
Iij  neutral  salt  solution,    x  iSOO; 
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Flo.  f78.— Fatty  and  ■Ibaminoiu  dogenention  of  the  epithelium  of  the  coDvolated  tubules. 

amyloid  kidoey,  x  600. 
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amount  of  pigment.  In  other  cases  of  fatty  degeneration  of  the  liver  cells,  in 
septico-pycemia,  for  instance  (Fig.  277,  c),  the  fat  droplets  are  usually  smaller 
and  only  appear  as  glistening  points  which  conceal  the  cell  nucleus  more  or 
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less  completely.  The  nucleus  can  still  lie  demonstrated  by  roeaoB  of  suitable 
stains  or  the  addition  of  acetic  acid.  It  is  only  in  severe  forms  of  disease, 
such  as  acute  yellow  atrophy,  that  the  cell  nucleus  also  disappears  and  the 
whole  cell  breaks  up  into  albuminous  and  fatty  granules. 

The  appearances  of  fatty  degeneration  in  the  epithelium  of  the  convoluted 
tubules  of  the  kidneys  are  ijuite  similar.  Here,  under  certain  circumstances, 
the  individual  cells  increase  greatly  in  size.  In  order  to  make  this  apparent. 
Pig.  278  has  been  drawn  to  the  same  scale  as  the  normal  and  degetierated 
tubules  in  Fig.  276. 

The  muscle  fibres  of  the  heart  also  very  frequently  undergo  fatty  degenera- 
tion. The  heart-muscle  appears  pale,  yellowish,  and  cloudy^  or  flecked  with 
yellow.  Microscopically^  the  transverse  and  longitudinal  striation  of  the  muscle 
is  indistinct,  and  the  nuclei  of  the  muscle  cell  are  also  usually  indistinct,  being 
visible  only  on  the  addition  of  1  |>er  cent  acetic  acid  (Fig.  279).  On  the 
other  hand,  more  or  less  numerous  fat  droplets  a]ipear  in  the  muscles,  arranged 
in  long  rows  corresponding  to  the  longitudinal  striation  of  the  muscle.  This 
change  is  very  important,  as  it  indicates  a  high  degree  of  weakening  of  the 
heart-muscle,  and  not  infrequently  brings  about  serious  circulatory  disturbances 
and  a  consequent  fata!  termination. 

It  need  hardly  be  said  that  this  is  not  the  place  to  describe  fatty  and 
albuminous  degenerations  in  all  the  separate  organs.  On  the  other  hand,  it 
will  be  of  great  interest  to  examine  briefly  the  general  conditions  which  produce 
these  degenerations. 

At  the  first  glance,  these  conditions  seem  very  manifold.  The  fatty 
degeneration  of  the  heart,  just  mentioned,  is  observed  in  excessive  strain  on 
the  heart,  especially  the  severe  strains  which  take  place  as  a  result  of  disease 
of  the  vessels  and  cardiac  valves.  The  fatty  degeneration  of  the  heart-muscle 
in  this  case  appears  to  be  the  result  of  a  more  or  less  local  disturbance.  The 
same  degenerations,  however,  are  found  in  the  heart-muscle  in  many  general 
diseases,  especially  in  intoxications  (phosphoms  poisoning,  for  instance),  in 
general  infections,  typhoid,  septico-pya-mia,  etc.,  and  lastly,  in  certain  chronic 
disturbances  of  metabolism  which  impair  the  nutrition  of  the  heart-muscle, 
anaemia,  leukafmia,  etc. 

In  slight  degrees  of  these  disturbances,  or  when  the  course  is  very  acute, 
the  fat  molecules  are  not  infrequently  absent.  On  the  other  hand,  the  heart- 
muscle  appears  flaccid,  cloudy,  and  pale  to  tlie  naked  eye  ;  while  the  microscope 
only  leveals  albuminous  clouding  of  the  muscle  fibres  and  loss  of  sharpness  of 
the  transverse  and  longitudinal  striation.  The  muscle  fibres  may,  at  the  same 
time,  undergo  transverse  division,  as  was  mentioned  previously  in  speaking  of 
general  circulatory  disturbances,  the  divisions  corres|xmding  to  the  boundaries 
of  the  muscle  cells  of  which  the  fibres  are  made  up  (Fig.  280). 

Finally,  it  ought  to  be  mentioned  that  albuniiiions  and  fatty  degenerations 
of  the  heart-muscle  also  appear  as  the  result  of  local  ischa-mias,  when  these  occur 
after  non-septic,  embolic  occlusion  of  a  vessel.  Small  areas  of  softening  then 
appear,  within  which  the  degenerating  muscle  fibres  completely  break  down 
(myomalacia  cordis  circumscripta). 

The  conditions  which  produce  fatty  and  albuminous  degenerations  in  the 
other  parts  of  the  body  are  similar.  These  conditions  have  this  in  common^ 
that  they  indicate  a  disturbance  of  the  tissue  nutrition  in  which  there  is  a  want 
of  proportion  between  assimilation  and  use. 

Alhnmimm  aiul  fatty  detjtti^rativns  are  tiie  results  of  local  or  general  mdabolk 
disturbances. 
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These  local  di^turbaiuxs  uj  mttabuluin  are  brought  uboiitj  in  some  of  the  cases, 
by  local  disturhances  of  the  circuUttion,  limitituf  ihe  supply  of  nutrirmni^  e.g.  ischaTQia, 
congestion,  stasis,  embolism,  and  thrombosis.  In  other  cases  it  is  brought  about 
(as  was  aheady  assumed  by  Virchow  io  regard  to  fatty  degeneration,  and  is 
now  known  to  be  true  of  albuminous  degeneration  also)  by  incrtasr  vf  ilu 
function  of  the  orfjan,  necessitating  such  a  grt-at  increase  of  nutriment,  that 
this  cannot  be  fiilly  supplied  by  assimilation  from  the  blood.  Finally,  the  loml 
adhms  tf  toj'ic  und  iufedive  poismis  must  be  mentioned,  since  they  disturb  the 
metabolism  of  the  tissue.  These  a^itions  explain  why,  for  instance,  many 
sensitive  tissues  degenerate  in  the  neighbourhood  of  suppurating  foci. 

The  gencnd  duturhamrs  of  mtttdtt/lwn  which  cause  albuminous  and  fatty 
degeneration  may  be  similarly  divided.     In  one  set  of  cases,  the  nutrient  mattruil 
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of  the  Leart. 


Fio.  '.^80,— Itansverse  division  and  ftlliuinlnou* 
clouding  of  the  niu*cl«  nbres  of  tbe  heart. 


hfuufjhi  to  the  tmu^s  does  not  mJUice  to  maintain  tlmr  mninal  fundunis.  The 
albumen  of  the  tissue  elements  is  then  attacked  and  used  up  to  a  varying 
extent.  In  this  class  simple  inanition,  or  loss  of  nutrition,  is  included.  The 
latter  leads,  in  the  first  place,  to  a  diminution  in  the  weight  of  the  whole  body. 
According  to  the  researches  of  Bischoff,  Voit,  Pettenkofer,  Panum,  Subbotin 
and  others,  this  is  mainly  due  to  the  nearly  complete  disappwarance  of  the  fatty 
tissue  and  to  considerable  diminution  in  the  weight  of  the  blood,  muscles,  liver, 
epleen,  testicle,  and  kiilneya  \  while  other  organs,  such  as  the  heart,  brain, 
spinal  cord,  eyes,  and  bones,  only  siightly  alter  their  weight  The  loss  of 
weight  in  the  organs  is  due,  at  first,  to  simple  loss  of  volume  of  tbe  tissue 
elements  without  simultaneous  alteration  in  the  tissue  structure.  In  the  later 
periods  of  inanition,  however,  the  conditions  alter,  insomuch  as  albuminous 
and  fatty  degeneration  is  now  present^  especially  in  the  liver  and  kidneys 
(Manassein).     Even  in  the  first  days  of  inanition,  the  fat  and  albumen  of  tbe 
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tissues  are  drawn  upon  to  serve  for  the  nourishment  of  the  body.  The  fat 
disappears  from  atlipose  tissue  and  from  other  organs.  The  store  of  albumen 
in  the  tissues  is  lessened.  It  is  only  when  this  albuminous  disintegration 
becomes  considerable,  tliat  it  gives  rise  to  microscopically  visible  alterations  in 
the  physical  and  cfjumical  structure  of  the  tissues,  i.t.  to  the  appearance  of 
albuminous  and  fatty  dej^eneration. 

The  same  reasons  will  explain  why  in  ani^'mic  comlitions,  especially  in 
pernicious  anaemia,  leukiemia,  and  allied  forms  of  disease,  albuminous  and  fatty 
degenenitions  occur  in  the  liver,  the  kidneys,  the  muscles,  and  the  heart.  Ib 
many  of  these  pathological  conditions,  however,  abnormal  poisonous  metabolic 
products  might  form  in  the  body,  and  cause  the  degenerations  to  become  very 
marked  and  to  show  many  anomalies  in  their  localisation. 

The  second  gioup  of  general  metabolic  disturbances  leading  to  albuminous 
and  fatty  changes  in  the  organs  liow  to  be  mentioned,  are  certain  cases 
of  considerable  imreasf  of  fimctmk,  and  thus  also  of  demand  for  nutrition,  as 
opposed  to  a  decreased  or  disturbed  supply  of  nutriment.  These  are  tiie 
pt/TfJCud  ru^^  of  Umperttturt.  The  causes  of  disease  which  give  rise  to  fever  are 
chiefly  the  infective  poisons.  If  the  temperature  of  the  interior  of  the  body  is 
raised  in  consequence  of  such  infections,  it  may  happen  that  the  blood-vessfls 
of  the  skin  may  contract,  especially  in  the  early  stages,  so  that  the  skin  be- 
comes cool  and  gives  off  less  heat  externally.  The  temperatiu-e  of  the  body 
then  rises  very  rapidly.  Such  an  arrest  of  radiation  is,  however,  only  tem- 
porary. The  determining  cause  of  pyre  .vial  rise  of  temperatures  is  to  be  found 
mainly  in  an  increased  heat- production.  This,  however,  takes  place  under 
circumstances  which  may  be  described  as  very  considerable  disturbances  of 
the  general  metabolism,  and  which  are  also  very  frequently  associated  with 
considerable  distmbances  of  consumption,  digestion,  and  absor|)tion  of  nutri- 
ment. It  is  therefore  easily  understood  that  albuminous  and  fatty  degenerations 
may  occur  in  the  organs,  and  that  these  degenerations  should  be  chiefly  marked 
in  those  organs  which,  when  the  body  is  at  rest,  form  the  main  source  of  heat, 
viz.  in  the  heart-muscle  and  liver.  A  further  cause  is  yet  to  be  mentioned  in 
regsu'd  to  these  albuminous  and  fatty  degetierations  occurring  in  consequence 
of  febrile  infections,  and  that  is  the  poisonous  action  of  the  metabolic  products 
of  the  pathogenic  microbes  and  the  diseased  body. 

As  a  matter  of  fact,  many  acute  and  chronic  iniacuuitiaiia  do  cause  albumin- 
ous  and  fatty  degenerations  of  the  heart-muaclej  liver,  kidneys,  and  other 
organs,  as  baa  already  been  mentioned.  The  best  known  in  this  connection 
are  phosphorus,  areenic,  alcohol,  and  carbonic  oxide.  The  general  disturbances 
of  metabolism  caused  by  phosphorus  have  already  been  briefly  touched  upon  in 
the  description  of  the  intoxications  (p.  45).  In  this  case,  especially,  large 
quantities  of  albuminous  and  fatty  products  of  disintegration  are  formed,  to- 
gether with  leucin,  tyrosiu,  sarcoiactic  acid,  and  other  bodies  ;  leucin  and  t^Tosin 
being  sometimes  separated  out  as  crystals  in  the  cadaver,  especially  in  the  liver. 
According  to  the  investigations  of  Storch,  Bauer,  A.  Friinkel,  and  others,  fatty 
degeneration,  speaking  generally,  is  due  to  an  increased  disintegration  of 
albumen,  combined  with  a  simultaneous  diminution  of  the  process  of  oxidation. 
The  increased  breaking  down  of  albumen  shows  that  the  metabolism  is  more 
active,  and  the  diminution  of  oxidation  indiwites  that  its  course  is  abnormal,  as 
is  also  shown  by  the  presence  of  unusual  metabolic  products. 

The  intoxications  constitute  the  third  group  of  general  metabolic  disturb- 
ances which  cause  albuminous  and  fatty  degeneration.  In  this  case  the  poisons 
accumulate  more  markedly  in  certain  organs  after  their  absorption  by  the  blood 
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and  lymph,  so  that  their  principal  effect  is  developed  in  these.  The  locaiiaation 
of  the  degenerations  due  to  general  disturbances  may  then  present  some 
special  features.  Tliis  is  to  be  specially  remembered  in  the  investigation  of 
acuto  and  chronic  degenerative  diseases  of  the  kidney.  Many  poisonous 
metabolic  products^  due  to  pathogenic  microbes,  and  also  many  poisonous 
products  of  the  metabolism  of  the  body  itself^  are  excreted  by  the  kidneys. 
This  fact  would  therefore  explain  the  occurrence  of  many  severe  forms  of 
albuminouLS  and  fatty  degeuemtion  of  these  organs  which,  before  a  definite  idea 
of  their  mode  of  development  had  been  formed,  were,  as  a  rule,  called  in- 
flaniimations  of  the  kidney. 

It  is  always  difficult  to  demonstrate  the  relation  between  the  histological 
appearances  and  the  chomicnl  changes  due  to  the  metabolism  of  the  tissues. 
Such  an  exi^lanatiou  is,  however,  always  necessary,  and  is  indispensable  for 
the  comprehension  of  albuminous  and  fatty  degenerations.  The  results  which 
have  as  yet  been  obtained  may,  however,  bo  stated  broadly  and  concisely  as 
follows  :- — Albuminous  and  fatty  degenerations  occur  either  limited  to  individual 
organs  and  parts  of  organs,  or  affecting  a  number  of  organs  m  a  consequence  of 
local  or  general  disturbances  of  metabolism.  They  have  this  in  common,  that 
the  nutriment  brought  to  the  tissues  does  not  suffice  for  the  maintenance  of 
the  normal  or  pathologically  disturlied  function.  In  this  case,  the  albumen  of 
the  tissues  becomes  disintegrated,  and  this  disintegration,  when  it  exceeds  a 
certain  limit,  leads  to  altei-ations  of  t!ie  physical  and  chemical  structure  of  the 
tissue  elements  which  can  be  demonstrated  by  the  microscope,  viz.  to  albuminous 
and  fatty  degeneration.  Chemists  might  describe  the  disturbances  in  question 
as  disintegration  of  the  albumen  of  the  organs,  in  consequence  either  of  an 
alteration  in  the  quantity  of  albumen  in  circulation,  or  of  a  rapid  or  alinormal 
course  of  the  metabolic  processes  in  the  tissues.  Inasmuch,  liowever,  as  it  is 
only  when  the  disintegration  of  the  albumen  of  the  organs  has  reached  a  very 
high  degree  that  it  gives  rise  to  microscopic  changes  in  structure,  it  may  be 
stated,  thai  nlhunnnoftj^  and  fntty  tifipurraHfn,^  nf  a  iissm^  are  iiujuifi'skd  us 
driLcitmd  rhanges  in  tli€  tissue  ektit^'nts,  occHrring  either  hxallff  w  (jtwrmlUj  and 
visihk  under  the  microicojMi^  which  conrspond  to  advanced  disiniegral'mn  of  the 
alhuftuin  in  tlui  organs,  aiid  which  may  he  prodiuttl  eiUier  by  in^ujficient  mpphf  of 
nutrknt  malerialj  or  by  a  vmrked  acceleraiian  or  disturbano}  0/  Uit  course  of  ihr 
metabolic  proce^Ms  in  the  Ussues. 

A»  regards  the  tcrminaiifm  of  fatty  and  albuminous  degeneration,  it  has 
already  been  mentioned  that  disturbances  of  this  kind,  if  only  moderately  severe, 
might  pass  away  completely,  an^l  the  normal  structure  and  function  of  the  tissue 
elements  be  thus  restored  (n'sfltutio  ad,  iidcgrum).  In  severe  forms  of  the  degenera- 
tion the  nuclei  frequently  disappear,  and  the  tissue  elements  break  down  com- 
pletely into  albuminous  and  fatty  molecules.  In  this  case,  also,  should  the  serious 
nature  of  disease  not  cause  death,  recovery  is  possible,  by  means  of  re- 
gemralvm  through  indirect  nuclear  and  cell  division.  As  a  rule,  this  regenera- 
tion is  very  complete,  if  not  hindered  by  any  special  condition  duo  to  the 
disease.  For  regeneration  of  the  cells  which  form  the  parenchyma  in  the 
adult,  however,  it  is  necessary  that  some,  at  least,  of  the  original  cells  should 
have  escaped  death.  These  afterwards  form  the  source  of  new  generations 
of  parenchyma- forming  cells  with  simitar  specific  functions.  If  there  are 
none  of  the  original  cells  left,  however,  the  regenerative  processes  are  re- 
stricted to  a  new  formation  of  young  cormective  tissue,  afterwards  converted 
into  cicatricial  tissue.  According  to  the  local  extent  of  the  degenerative 
disintegration,  isolated  scars  or  diffuse   cicatricial  infiltration   of  the   organs 

27 


4iS 


FA  TTY  INFILTRA TJON 


iivill   i^main   to   indicate    the   previous    degenerative    disturbances   of    tiasiu 
nutrition. 
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Vni.  Patty  Infiltration  and  Lipomatosis 

Fatty  degeneration  is  a  disintegration  of  the  tissue  elements  in  which  fat, 
in  the  form  of  fat  droplets,  is  separated  out,  together  T^ith  other  product.^  of 


Fiik  SSL— Patty  iDllliniUon  of  the  livor  cella.    «,  Nuniial  liver  cell ;  6-1-,  different    '  nt 

of  UXXy  ladltntion.    >:  dOO. 

disintegration.  In  /a//y  injUtraiion  we  have  to  deal  also  with  the  appearance 
of  fat  dropteta  in  the  tissues,  but  with  this  difference  that,  in  the  absence  of 
coropIicatJori  with  other  diseases,  the  tissue  elements  at  first  present  no  further 
pathologiciil  changes  in  structure. 

In  fatty  infiltration  of  the  //'•''/*  "//s,  as  a  rule,  a  numl>er  of  small  fat  <lroplet5 
appear  in  the  cells  (Fij^.  281,  h)  in  the  early  stage.  It  is  then  comparatively 
difficidt  to  differentiate  such  a  cell  from  a  fattily  degenei-ated  cell,  if  it  is  not 
borne  in  mind  that,  in  fatty  infiltration,  the  protoplasm  of  the  cell  is  not 
cloudy.  The  differotjtiation  is  much  easier  in  a  more  advanced  stage,  since, 
in  fatty  infiltration  of  the  liver  cells,  the  individual  droplets  of  fat  soon  rnn 
together  and  form  a  single  large  drop  (Fig.  281,  f,  d,  e).  The  protoplasm  of 
the  liver  cell  then  forms  a  delicate  envelope  round  the  fat  drops,  containing  the 
cell  nucleus  at  one  point.  No  structural  change,  however,  can  be  demonstrated 
in  the  protoplasm  of  the  liver  cells.  The  function  of  tlio  liver  is,  accordingly, 
unaffected  in  moderate  degrees  of  fatty  infiltration ;  indeed,  it  is  in  health}', 
well-nourished  individuals  that  this  infiltration  is  found.  Disturbances  of  the 
function  of  the  liver  only  occur  when  the  fatty  infiltration  is  very  great,  so 
that  the  great  quantity  of  fat  contained  in  the  liver  exerts  considerable  pressure 
on  the  hvar  cells  and  the  walls  of  the  capillaries. 

The  convlitions  present  during  the  formation  of  subcutaneous,  fatty  tissue 
and  the  cells  of  (uiipose  tissue  generaUy  arc  similar.     In  the  loose  connective 
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tissue  under  tlio  skin  and  between  the  organs,  Hat  and  round  connective  tissue 
cells  are  found  which  do  not  move ;  these  are  fixed  cells.  In  them,  just  as  in 
the  liver  cells,  fat  droplets  appear  which  quickly  become  confluent,  so  that 
fatty  tissue  is  made  up  of  nucleated  cells,  each  enclosing  a  very  large  drop  of 
fat.  These  processes  were  most  carefully  investigated  by  Flemniing  after  Virchow 
had  previously  establiishod  the  fundamental  facts.  These  collections  of  fat  are, 
in  the  first  place  at  least,  normal  occurrences  which  only  assume  a  pathological 
character  when  they  overstep  certain  limits. 

It  is  worthy  of  note,  however,  that  the  fat  present  in  the  cell  in  fatty 
infiltration  does  not  always  form  a  single  large  drop.  A  peculiar  yellow- 
coloured  fat,  in  the  form  of  very  small  drops,  is  nonnally  found  in  the  large, 
highly  protoplasmic  cells  of  the  supmremd  body  and  the  corpus  luieum  of  the 
ovary.  These  drops  are  fonnd  in  great  numbers  in  each  cell.  The  proof  that  this 
is  an  infiltration  with  fat  and  not  a  degeneration  is  to  be  looked  for,  in  this 
case,  in  the  condition  of  the  cell  protoplasm,  which  shows  no  appearance  of 
disintegration.     In  analogous  pathological   conditions  fat  occurs  in  the  same 
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Vto.  283.— Xanthelunu  tiibet>J«um.    Stiiin^l  with  liu^trialoxyliti.    The  fat  wan  <li.s»olv«d  OQt  with  aloohol  And 
origanutii  oil  nuil  the  preiiaratiun  inauutcd  hi  (anu'lu  bulsBin.     XOOO. 

manner.  In  a  tumour  of  the  skin,  for  example,  called  xanikelasma,  a  very 
similar,  yellow-coluuied  iat  is  secreted  in  the  form  of  numerous  small  droplets 
in  the  separate  cells.  The  fat  droplets  are  so  thickly  deposited  in  many  places 
that  it  is  difficult  to  recognise  the  cells.  These  stand  out  distinctly,  however, 
after  solution  of  tlie  fat  (Fig.  282),  and  then  appear  studded  with  numerous 
holes  which  previousl}'-  contained  the  fat  droplets.  The  preparation  represented 
here  is  from  a  large,  subcutaneous,  subserous  xanthelasma  of  the  elbow  from 
a  boy  of  twelve.  (The  tumour  was  more  thoroughly  described  in  the  disserta- 
tion of  Poensgen,  which  wtxs  read  in  the  Pathologica!  Institute  at  Heidelberg.) 

It  is  not  known  whether  or  how  far  the  yellow  pigment  of  the  fat  in  these 
cases  hinders  the  confluence  of  the  fat  droplets  in  the  separate  cells.  The 
conclusions  arrived  at  by  physicists  as  to  the  emulsifying  of  fat  make  this 
appear  quite  possible.  They  show  also,  however,  that  the  comjwsition  of  the 
media  sun^ounding  the  fat  droplets,  especially  the  amount  of  alkali  and  soap, 
is  of  great  importance  as  regards  the  emulsificatiun  of  fat,  and  for  the  reunion 
of  droplets  which  have  previously  been  sejiarated  (Gad^  G.  Quincke). 

In  fatly  infiltration  of  the  organs,  fat,  not  disthiguished  by  any  unusual 
pigmentation,  is  found,  under  certain  circumstances,  in  the  form  of  uiimeroiia 
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line  droplets  in  the  individual  cells,  as,  for  instance,  in  the  epithelial  cells  of 
the  convoluted  tuhules  in  fatty  infiltration  of  the  kidney.  Jluf  size  of  th^  fat 
droplets  rannot  he  tur/'ptcfl  a^  a  universalh/  itHuhh  aitcr'um  hdwf.eii  fatly  inJiUnition 
and  fatty  degmfraiUxi.  Th^  onltj  distinctive  fmturt'  is  the  condiiion  of  ih4^  protopkiffin 
of  ihf  cells,  which  slwws  tlw  appeuranccA  uf  dUinit^gi'atioii  in  faiiy  degcnrratiwi,  hut 
in  fiiUy  inJUtratioa,  >m  the  other  Juiiid^  ix  //  rn'rnuil  structure  apart  from  its  futty 
contfntjf.  The  apjiearance  of  a  liver  cell  or  connective  tissue  cell  laden  with 
one  large  fat  dro|i  is  certainly  so  characteristic  that,  in  these  particidar  cases, 
fatty  infiltration  niay  be  recognised  without  difficulty,  Diiignosis  is  only  diflicult 
when  fatty  infiltration  is  complicated  liy  fatty  degeneration.  This  is  quite 
possible,  since  the  fat  alone  does  not  suffice  for  the  nutrition  of  the  tissues. 
The  large  accumulations  of  fat  deposited  in  fattiiy  infiltrated  tissues  are 
therefore  not  able,  under  all  t.ircum stances,  to  protect  the  protoplasm  of  the 
cells  from  albuminous  and  fatty  degenerations. 

Similar  com]>licationp,  often  difficult  to  umlorstand,  occur  with  special 
frequency  in  alcoholics.  In  chronic  alcoholism  the  alcohol  taken  is  used  up 
and  o-xidised  in  the  tissues,  ao  that  other  food  substances  are  stored  up.  Over- 
nutrition  frequently  occurs,  therefore,  and  may  be  manifested,  while  the  health 
is  still  undisttjrbed,  by  fatty  infiltration.  In  later  stages,  however,  when 
the  alcohol  (especially  the  amyl-alcohol  which  ta  mixed  with  the  ethyl-alcohol) 
disturbs  the  nutrition  of  the  tissues,  or  when  acute  fobrito  infections  and  other 
diseases  complicate  the  condition,  degenerative  processes  }>€gin  in  the  tissues. 
It  can  be  understood  that  even  trifling  quantities  of  fat  produced  by  this 
degeneration  must  verj'  soon  appear  in  ceUs  which  are  already  overladen  with 
fat.  The  histological  appearance  of  fatty  degeneration  appeal's,  therefore, 
at  a  very  early  stage,  under  certain  circumstances,  before  the  breaking  up  of 
the  albumen  has  yet  manifested  itself  as  albuminoid  degeneration. 

The  fat  due  to  the  degeneration  of  the  protoplasm  is,  however,  placed  under 
conditions  which  prevent  its  confluence  into  large  drops.  The  liver  cells, 
therefore,  still  show  the  large  drops  resulting  from  infiltration ;  but,  at  the 
same  time,  numerous  fat  droplets  due  to  degeneration  are  found  in  the  granular 
protopliism  of  the  cells. 

Although  it  is  necessary  to  mention  this  association  of  fatty  infiltration 
and  degeneration  in  considering  the  diff'erential  diagnosis  between  the  various 
forms  of  fat  accumulation,  it  hardly  belongs  to  a  general  discussion  of  the 
elementary  pathological  disturbanceB,  It  is  necessary,  howevei*,  to  point  out 
the  fact  that  fatty  infiltration  frequently  passes  off,  so  that  the  histological 
changes  described  are  gone  through  in  reverse  order.  The  fat  drops  deposited 
in  the  cells  become  smaller  and  disappear,  and  the  cells  return  to  their  original 
condition.  In  the  cells  of  the  liver  and  adipose  tissue  the  large  fat  drops 
break  up  before  they  completely  disappear  (Fig.  283),  Although  the  liver 
generally  seems  perfectly  normal  again  after  the  fat  disappears,  it  may  happen 
that  when  the  fat  vanishes  rapidly,  the  organ  may  assume  a  gelatinous  consistence 
from  the  great  accumulation  of  fluid  in  the  tissue  spaces.  Tiiis  also  occurs 
comparatively  often  in  the  fat  under  the  visceral  pericardium  and  in  that  of 
the  yellow  bone-marrow. 

It  was  the  investigations  of  Pettenkofer,  Voit,  Subbotin,  v.  Hofraann, 
J.  Munk,  and  others  that  laid  the  foundations  of  our  knowledge  of  the 
iissimilatian  of  fat  in  the  body.  On  the  strength  of  these  researches,  and  from 
what  has  been  learned  by  pathologists,  we  are  in  a  position  to  state  definitely 
the  most  importajit  point's  with  regard  to  the  conditions  which  determine  the 
appearance  of  fatty  infiltration. 


t 
I 


FATTY  INFILTRATION 


431 


Fatty  infiltration  occurs  when  ih'v*:  is  eJices.'iive  supply  of  fat  and  the  nutriment 
is  abrudy  sufficient  far  the  fffjdre^^^  The  fat  is  absorbed  in  the 

intestine  and  at  last  passes  into  the  hlocKl.  This,  o%ving  to  the  albumen  and  salts 
contained  in  its  plasma,  is  able  to  hold  compai-atively  large  quantities  of  fat 
in  solution,  and  not  infrequently  carries  0'2  to  0"3  per  cent  of  fat.  A\T]en 
there  is  much  assimilation  of  fat,  however,  it  may  happen  that  after  the  meal 
the  fat  circulates  in  the  blood,  not  only  in  solution,  but  also  in  extremely  iine 
dropk-ts.  From  the  blood  the  fat  passes  in  sohition  into  the  tissues,  where  it 
is  partly  used  up  and  partly  deposited  in  the  cells  of  the  tissues  in  the  form 
of  drops.  An  experiment  by  Fr.  Hofumnn  shows  how  rapidly  this  takes  place. 
He  starv^ed  a  dog  for  thirty  days,  so  that  it  lost  40  per  cent  of  its  weight  and 
became  very  lean.     The  dog  was  then  fed  for  five  days  with  a  great  quantity 
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Fia.  288.— Flittjr  tJnae  allowing  gel«tiiiuQs  degencrmtion.    From  the  surface  of  the  Iietrt.     x  600. 

of  very  fat  bacon.  la  the  dried  liver  nearly  40  per  cent  of  fat  was  found. 
Pettenkofer  and  Voit  obtained  similar  results. 

High  degrees  of  fatty  infiltration  are  also  caused  b}^  a  plentiful  fntpply  of 
mixfd  fofxi.  In  this  case  the  fat  is  derived  from  the  albumen  of  the  food, 
perhaps  from  the  cai'bo-hydrates  also,  and  is  formed  in  the  cells  of  the  tissue. 
It  differs  in  some  essential  points,  however,  from  the  form.ition  of  fat  which 
occurs  in  fatty  degeneration.  In  the  latter  a  dis]»roportion  exists  between  the 
supply  and  the  consumption  of  albumen  in  the  tissues.  The  albumen  of  the 
tissue  elements  which  is  used  up  in  the  formation  of  degenerative  fat  ia  not 
completely  replacefl,  and  disintegration  of  the  tissue  tlements  results.  In  fatty 
infiltration,  on  the  other  hand,  we  are  justified  in  saying  that  the  cells  in  which 
the  fat  is  formed  do  not  become  poorer  in  albumen.  The  albumen  consumed 
is  replaced. 

These  differences  between  fatty  infiltration  and  fatty  degeneratitjn  will  be 
still  more  cleiirly  seen  if  we  assume,  with  Voit,  that  physiologically  tlie 
"organised"  albumen  {i.e.  the  albumen  fonniiig  an  organic  constituent  of  the 
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cell  protoplasm)  undergoes  no  change  and  no  decomposition,  hut  that  the  de- 
compositions which  occur  during  metabolism  only  affect  the  "circulating" 
alhumen  which  is  brought  to  the  cells  and  enters  into  them.  The  cells  thus 
represent  the  retort  in  which  the  "  circulating  "  albumen  brought  to  them  by  the 
lymphstrettm  splits  up  and  partly  forms  fat.  \\Tien  the  supply  of  food,  is 
lessened,  in  inanition  for  instance,  the  quantity  of  the  circulating  albumen  in 
the  cells  is  diminished,  so  that  the  cell  at  first  becomes  smaller.  When  the 
curculating  alljuraen  is  used  up,  the  cell  attacks  its  own  constituent  parts,  the 
organised  albumen  breaks  down,  and  finally,  albuminous  and  fatty  degeneration 
sets  in.  When  function  is  increased ,  the  How  of  blood  to  the  tissues  is  greater, 
as  we  have  seen,  the  circulating  albumen  then  accumulates  in  the  cell,  and 
organised  albumen  is  formed.  Fixcessive  increase  of  function  and  increase  of 
function  associated  with  insufficient  nutrition  lead,  on  the  other  hand,  to  albumin- 
ous and  fatty  degeneration  from  disintegi-ation  of  the  albumen  in  the  cells,  in  the 
same  manner  as  do  abnormal  metabolic  processes  lirought  about  by  the  actions 
of  poisons.  Fatty  infiltration,  on  the  contniry,  is  associated  with  an  excessive 
supply  of  nutriment,  in  which  fat  is  secreted  from  the  circulating  albumen  and 
deposited  in  the  form  of  drops.  We  may  therefore  state  ihni  in  jolUj  inJiUni' 
tmtfreefuty  deposUtd  in  thef/jrm  of  dntjt^  unit/  he  Jffmml  fruiii  an  excess  of  cirad4itiit^ 
albumtn,  wkiU  in  aUmunnou^  andfaUtf  degenei'ation  tJut  (rrgartiiifd  aUmmtn  utitinclMi 
ami  bfuk'tri  up  into  granular,  alhuminauSf  or  aUmmiwAd  and  faUt/  moU'cuk.^. 

The  difference  l»etwccn  fatty  infiltration  and  fatty  degeneration  has  l>eef» 
specially  emphasised  here,  because  many  authors  do  not  give  it  due  attention, 
but  tend  to  igTiore  the  difference,  on  the  strength  of  the  fact  that  fat  may  bo 
formed  in  the  cells  in  both  cases.  It  must  be  granted,  however,  that  the  views 
to  which  Voit  was  led  by  his  important  investigations  introduce  an  hypothesis 
which  certainly  completely  harmonises  ^^ith  the  experience  of  pathologists. 
This,  however,  allows  us  to  take  a  step  further  and  enter  upon  the  question  of 
the  cause  of  the  excessive  formation  of  fat. 

Fatty  infiltration  is  either  equally  and  universally  distributed  throughout 
most  parts  of  the  body,  when  it  depends  upon  the  condition  of  the  general 
metabolism,  or  it  appears  as  a  local  process,  dependent  upon  a  lociil  disturbance 
of  the  nutrition  of  the  tissue. 

Fittb/  injilfratiim,  depending  upon  ijtninal  fn/'lal/oli'<m,  may  be  described  as  a 
8toring-up  of  superfiuous  nutriment,  which  will  be  seized  upon  and  used  up, 
partially  or  completely,  if  fat  begins  to  bo  deficient  in  tlie  body.  The  somewhat 
unsuitable  name,  fatty  infiltration,  is  given  because  of  these  facts,  as  it  was 
supposed  that  all  the  fat  found  in  the  tissues  in  fatty  infiltration  originated  in 
the  blood  and  passed  from  the  bloo<l  into  the  tissues.  It  cannot  be  doubted 
that  superfluous  fat  formed  in  one  organ  may  be  taken  up  by  the  blood  and 
carried  off  to  other  organs,  where  it  is  deposited  as  fat  dLrops  or  is  oxidised. 
It  would  also  appear,  from  the  previously  mentioned  experiments  of  Fr. 
Hofrounn,  that  the  fat  absorbed  from  the  intestinal  canal  may  be  deposited  in 
the  tissues  without  further  chemical  change.  The  fat  present  in  the  blood  is 
undoubtedly,  therefore,  of  great  importance  as  regards  general  fatty  infiltration. 
A  large  proportion  of  ifw  fai  amtained  in  fJw  blood  »nem^  to  be  ahk  toprcMluc/;  a  storintj- 
np  of  fat  in  thr  tmm'H  of  tho^e  individnah  who  are  predupospd  Ui  fatty  injdtration. 
Since,  however,  the  loss  of  the  stored-up  fat  is  so  markedly  dependent  upon 
general  metabolism,  it  may  quite  well  be  assumed  that  ahenc/-  of  fat  from  ihr. 
hlood  nuiy  rause  tfw  fatty  infiUration-  to  p<iss  off. 

Fatty  infiltration  may  be  re^rded  as  over-saturation  of  the  tissues 
blood  with  fat.     If,  then,  it  be  granted,  on  the  strength  of  the  facts  just  st«t 
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that  the  fat  in  solution  in  the  blood  may  be  deposited  aa  drops  in  the  cells,  the 
terra  fatty  infiltration,  applied  to  such  a  process,  is  quite  correct.  It  must  be 
kept  in  min<l,  however,  that  in  fatty  infiltration  some  of  the  fat  in  the  cells  of 
the  tissue  may  be  formed  by  decomposition  of  the  albumen.  In  this  case,  the 
term  fatty  infiltration  is  objectionablej  if  by  infiltration  a  process  is  understood 
in  which  dissolved  constituents  of  the  blood  are  deposited  in  the  tissues.  The 
introduction  of  a  new  term  does  not  seem  absolutely  necessary,  however,  so 
long  as  a  correct  conception  of  the  processes  in  the  tisanes  can  be  associated 
with  the  term  in  present  use.  Fatbj  injilfrnikm  maf/  be  dcsfTibi'd  us  si</mni-vp 
of  fat  in  the  form  of  dropi^  imtkiii  rdl  protoplasm  whuh  Ls  unultertd  in  its  chrmi^al 
ami  pht/}fiml  struiture.  It  t<t  ilw  result  of  ofer-nntrition^  and  ii  pnoduced  ixirthj  hij 
nn  increased  supply  of  fai  to  (he  cdlSf  and  partly  by  increased  f&rmaiktn  of  fat 
uHthin  the  cells. 

Within  certain  Hmil%  general  fatty  infiUnition  u  qrdie  a  phiimohgiral  condition. 
In  the  child  while  still  at  the  breast  a  great  deposit  of  fat  is  observed  under  the 
skin  and  in  the  loose  connective  tissue  between  the  organs,  and  there  is  also  a 
slight  degree  of  fatty  infiltration  of  the  liver.  Towards  puberty  the  fat  iii  the 
tissues  diminishes  somewhat,  but  again  increases  considerably  after  the  fortieth 
year.  In  old  age,  finally,  the  fat  infiltrating  the  tissues  disappears.  These 
are  phenomena  which  are  normal  in  healthy  individuals,  and  are  simply  a 
peculiarity  of  the  metabolism  of  the  Iwdy. 

General  fait?/  injiit ration  becomes  jiafhotoffical  ichtn  it  rcarJirs  a  vnij  hirfh  degree. 
Liprmato.<^is  univermlis,  adipodii/,  ohi'^iti/  are  the  terms  applied  to  this  condition. 
It  appears  as  a  great  formation  of  fat  imder  the  skin,  between  the  muscles, 
between  the  layers  of  peritoneum,  in  the  omentum,  in  the  mesentery, 
mediastioa,  and  many  other  situations,  A  high  degree  of  fatty  infiUration  is 
seen  in  the  liver,  while  other  glan<ls  only  show  slight  deposits  of  fat  granules. 
When  the  liver  and  heart  are  overladen  with  fat  their  function  may  be  dis- 
turbed. The  detitils  of  these  disturbances  will  he  discussed  more  fully  in  the 
special  portion  of  this  work.  As  regards  the  etiology  of  lipomatosis  universalis 
it  must  lie  noted,  in  the  first  place,  that  it  may  he  voluntarily  induced  in  many 
individuals  by  over-feeding,  and  its  development  may  lie  very  gi'eatly  favoured 
by  insufficient  bodily  exercise  and  indulgence  in  alcohol.  A  certain  individual 
predisposition  seems  usually  to  bo  necessary,  however.  This  is  hereditary  in 
many  families,  sometimes  in  a  very  high  degree. 

Lipfjmafo.<is  locfdim  or  circuiiL-icHpta  is  limited  to  single  organs  or  portions  of 
organs.  Very  frequently  fat  is  formed  in  the  place  of  an  organ  or  portion  of 
an  organ  which  has  either  disappeared  or  become  atrophied,  A  large  amount 
of  fat  is  thus  found  between  the  shrunken  muscle  fibres  of  an  atrophic  heart 
or  in  the  neighbourhood  of  contracted  kidneys.  Atrophic  conditions  of  the 
skeletal  muscles  are  frequently  accompanied  by  great  new  formation  of  fatty 
tissue  between  the  atrophied  muscle  fibres.  To  the  naked  eye,  the  muscle 
retains  its  fascicular  stnicture,  because  the  fat  cellts  which  have  developed  in  the 
place  of  the  muscle  fibres  are  arranged  in  long  rows  parallel  to  the  fibres.  The 
muscle,  however,  appears  thinner  and  remarkably  white  in  colour.  It  ia  only 
in  pseudo- hypertrophic  muscular  atrophy  (Fig.  284)  that  the  volume  of  the 
muscle  is  more  or  less  considerably  increased,  notwithstanding  the  diminution 
in  size  of  the  muscle  fibres.  The  thickness  of  the  individual  muscle  fibres  is 
much  less  than  normal,  and  some  muscle  fibres  in  the  case  published  hy  Fr. 
Schultze  (Fig.  284)  are  so  thin  that  they  are  hardly  recognisable  as  such.  The 
development  of  the  fatty  tissue,  on  the  other  hand,  is  so  great  that  it  easily 
simulates  a  pathological  increase  in  growth,  a  hypertrophy  of  the  muscles. 
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The  excessive  formation  of  iat  in  pseudo-hypertrophy  of  the  muscles 
indicatea  that  fatty  tissue  formed  in  the  space  left  vacant  by  pathologitail 
decrease  in  size  of  the  organs  and  elements  of  organs  does  not  simply  fill  up 
the  place  of  the  lost  tissue.  Loss  of  the  histological  elements  of  the  organs 
only  leads  to  circumscribed  lipomatosis  in  certain  cases,  and  this  lipomatosis 
nuiy  become  so  considerable  that  the  mass  of  the  fatty  tissue  formed  is  greater 
than  the  sjmee  vacated.  It  must  therefore  be  assumed  that  some  other 
conditions  influence  the  process.  In  general  lipomatosis,  as  in  normal  fatty 
infiltration,  a  special  individual  predisposition  nmst  be  assumed.  The  con- 
clusion is  thus  arriveil  at,  that  the  ultimate  causes  of  fatty  infiltration  are  to  be 
found  in  peculiarities  of  the  fimctions  of  the  tissues,  which  are  strongly 
developed  in  one  individual  and  slightly  develope<l  in  another,  and  which. 
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Fio.  $84. — LIponuitasLs  of  Uie  calf  muHclea  in  pi^L'Uilo-hypvrtrojtlilc  iiiiiarnlitr  atroi)h>'. 

under  pathological  conditions,  may  be  present  to  a  very  large  extent  in  certain 
circumscribed  situations  in  the  l»ody.  These  peculiarities  in  the  function  of  the 
tissues  are  the  predisposing  causes  which  deteiinine  the  appearance  of  fatty 
infiltration.  The  conditions  of  metabolism  which  have  been  discussed  provide 
the  conditions  under  which  the  occurrence  of  fatty  infiltration  is  possible  and 
the  conditions  which  bring  about  its  occurrence  in  suitably  predis|K)sed 
individuals.  They  form  the  muna  pro.nma  sm  (leUrminnvs  of  the  process, 
and  accordingly  the  physician  who  desires  to  modify  anfl  remove  the  patho- 
logical varieties  of  fatty  intiltmtion  must  act  on  them.  The  facts  which  will  bo 
discussed  later  in  reference  to  the  origin  of  the  timioura  formed  from  fattj 
tissue  {Upomahi)  will  further  support  this  \dew. 

An  independent  position  is  occupied  by  many  /aft y  ijrtnutkiT  cells  whidi  are 
tkmtght  to  bn  mmwdcd  idth  rt'trogresdve  chnntjes  in  other  tissue  eh:mtnU.  In  the 
neighl>ourhood  of  areas  of  softening  and  degeneration,  especially  in  the  brain 
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and  spinal  cord,  cells  are  found  whose  protoplasm  contains  niimcroui?  fat 
granules.  These  cells  tend  to  accumulate  in  the  vessel-sheaths  throughout 
the  central  ner\ous  system,  but  also  occur  scattered  through  the  tissues.  Tliey 
are  regarded,  as  a  rule,  as  wandering  cells  or  emigrated  leucocytes  which  take 
up  the  fat  freed  by  the  disintegration  of  the  medulUry  sheatka  of  the  nerves, 
either  directly  as  drops  or  after  previous  solution. 

Many  of  the  fatty  granular  cells  of  the  brain  and  spinal  cord  are  un- 
doubtedly emigrated  white  corpuscles.  Y.  Recklinghausen  has  shown,  hj 
direct  observation  of  the  process,  that  white  blood  coi-puscles  and  wandering 
cells  have  the  power  of  taking  up  foreign  bodies  of  various  kinds:  cinnabar, 
Indian  ink,  red  blood  coq>uscles,  fat  drops,  etc.  The  protoplasmic  processes  of 
the  cells  flow  round  and  enclose  the  foreign  l)ody  during  the  process,  or,  as 
it  is  usually  expressed,  eat  it  up.  It  cannot  be  directly  shown  whetjier  this 
eating-up  of  the  fat  drops  is  wirried  out  to  a  large  extent  in  the  formation  of 
the  fatty  gr,inukr  cells,  and  the  possibility  has  therefore  to  be  borne  in  mind 
that  the  fat  may  be  dissolved  in  the  tissue  fluids  and  taken  up  by  the  colls  in 
a  state  of  solution.  The  cells  will  then  dt-posit  the  fat  within  their  protoplasm. 
It  should  also  be  remembered  that  the  cells  may  have  the  power  of  forming 


FiOk  lU. — Fatty  ^r&nalar  cells  from  proliferating  neorogUn  of  the  posit«rior  colnmns  of  th«  spinul  cor*!,  from  a 
eWOOfflcx^ondiiry  ascending  tlegennration  conjjoijuent  on  trunsvewe  compretuiloD  of  tho  tipliuil  conl.  Two 
C«lli  oonUining  UX  dTOpleta.    Two  c«Us  aft«r  J^olntioa  of  thi;  fat.    x  IJUO. 


fat  from  albuminous  bodies.  In  whatever  way  the  details  of  the  process  are 
supposed  to  take  place,  it  is  very  probable  that  many  fatty  gmriular  cells  of 
the  brain  and  spinal  cord  are  wandering  cells  which  owe  theii"  fatty  contents  to 
the  absorption  of  the  products  of  disintegration  of  other  tissue  elements. 

It  appears  to  me  doubtful  whether  this  view  applies  to  all  the  fatty  granular 
cells  of  the  brain  and  spinal  cord.  8uch  cells  are  frequently  present  in  great 
numbers  and  very  uniformly  distributc<i  in  the  typical  degenerations  of  the 
columns  of  the  spina!  cord,  not  only  in  the  sheaths  uf  the  vessels,  but  also  in 
the  newly-formed  neuroglia.  Subscquontl\'  they  again  disappeiir.  I  do  not  o^^n- 
sider,  therefore,  that  it  is  irai>ossiljle  that  theso  may  l>o  young  forms  of  cells 
which  subsequently  become  glia  cells,  but  which  have  never  been  wandering 
cells.  It  is  quite  jjossible  that  their  fatty  contents  originated  in  the  protlucts 
of  the  degeneration  of  the  nerve  fibres,  but  this  cannot  be  definitely  proved. 

Under  these  circumsUtnces  it  seems  very  signilicant  that  granular  fatty 
cells  are  very  frequently  present  in  the  brain  of  newly-born  children  also. 
R  Yirchow,  who  first  drew  attention  to  this  fact.,  reg-arded  it  as  i>athological 
because  it  is  not  constant,  and  because  in  many  cuses  the  granular  fatty  cells 
occur  in  groups  in  the  brain,  and  other  pathologic4d  changes  are  sometimes  present 
at  the  same  time.     Hayem  and  Jastrowitz,  on  the  other  hand,  regard  the  fatty 
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granular  cells  in  the  bniin  of  newiy-born  children  as  a  normal  condition,  and 
the  latter  connects  thera  ivith  new  tissue  formation,  especially  with  the  formation 
of  the  mediillary  sheaths  of  the  nerVe  fibres.  It  would  be  quite  possible  to 
suppose  tluit  the  ^Taiiidar  fatty  cells  take  some  part  in  the  formation  of  neur- 
oglia; indeed,  we  are  almost  forced  to  do  so  unless  it  is  to  be  assumed  that 
there  are  essential  differences  between  physioIo<,'ical  and  pathological  new 
formation  of  tisstic. 

Increase  of  fat,  as  the  result  of  absorption  of  the  products  of  disintegration 
in  other  tissues,  is  undoubtedly  a  common  occurrence,  although  it  is  difficult  to 
demonstrate  this  clearly.  In  the  vicinity  of  transudations  and  exudations, 
especially,  a  fatty  condition  of  the  cells  is  very  frcr|iiently  observed.  Injis- 
mucb,  however,  as  exudations  contain  cheraically  active  poisons  which  tend  to 
produce  metabolic  disturlMiDces  of  a  degenerative  nature  in  the  tissue  elements, 
the  conditions  found  in  the  walls  of  serous  spaces  filled  with  pathologicid 
transudations  are  of  special  interest.  B.  Rcinhardt  has  already  demonstrated 
fat  granules  in  the  eiuJothelium  of  the  plenra  and  peritoneum  in  oedematous 
effusions,  and  these  facts  can  be  substantiated  inthout  ditficidty.  Since  no 
fat  is  found  in  the  form  of  drops  in  the  contents  of  the  serous  cavity,  it  is  not 
improbable  that  the  fat  is  formed  in  the  epithelial  cells.  It  would,  therefore, 
presumably  be  a  fatty  infiltration.  The  cause  of  this  fatty  infiltration,  how- 
ever, is  to  lie  looked  for  in  the  absorption  and  fatty  transformation  of  the 
albuminous  constituents  of  the  pathological  transudation  ;  and,  in  this  respect, 
this  fatty  change  would  be  classed  with  the  fattj'-  granular  cells  jiist  men- 
tioned. 
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Among  ihe  material  necessary  for  tissue  nutrition  which  may  be  store<l 
in  the  tissues  until  it  is  required,  glumgm  must  also  \^  mentioned.  Thia 
appears  as  a  carl>o-hydrate  which  is  very  easily  transformed  into  sugar  in  the 
tissues.  It  is  found  either  in  solution,  in  the  form  of  masses  of  various  sizes,  or 
as  granules  and  heaps  of  granules  which  are  generally  of  a  hyaline  consistence 
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(Fig.  286).     It  is  depositefl  not  only  in  tlie  cell  protoplasm  and  cell  nucleus, 
but  also  in  the  intercelluJar  substance. 

This  substance  is  most  simply  demonstrated  by  a  solution  of  iodine,  as  glyc^en 
stuins  deephi  bivim  on  the  addition  of  vxliitt;.  It  is  distingiiished  from  amyloid 
by  the  absence  of  the  reaction  with  iodine  and  sulphuric  acid  and  hy  its  great 
soluhility  in  water.  On  account  of  the  latter  property,  the  use  of  the  simple 
Aqueous  solution  of  iodine  in  iodide  of  pjjtassium  must  be  avoided  in  the 
demonstration  of  glycogen  ;  a  solution  of  gimi- arable  of  the  consistency  of 
syrup  and  containing  iodine  is  employed  by  Ehrlich,  a  solution  of  iodine  in 
glycerine  hy  Barfurth.  Langhjins's  method  of  aUiining  is  very  convenient  for 
preparations  which  have  been  hardened  in  ali:ohui  and  then  cut  into  eections. 
He  uses  a  mixture  of  one  volume  of  the  officinal  tincture  of  iodine  with  four 
volumes  of  absolute  aloohob  After  staining  with  this,  the  sections  are  cleared 
up  in  origanum  oil,  in  which  they  are  also  examined  undei"  the  microscope. 

The  researches  of  Neumann,  Langhana,  Ehrlich,  Marchand,  Bjirfurth,  J. 
Arnold,  and  Gabritschewsky  have  jiroved 
that  glycogen  is  \ddely  distributed 
throughout  the  body  in  health  and 
disease.  Under  normal  circimistances  it 
is  found  in  the  liver,  in  the  epithelium 
of  the  uterus,  in  the  muscles,  in  the 
w^hite  bUnxl  coq)Uscies,  in  the  memltnines 
of  very  young  human  embryos,  and  in 
many  embryonic  tissues.  As  a  patho- 
logiail  condition  it  is  found  in  pus 
tells,  in  osteoma,  myoma,  ostco-sarcoma, 
squamous  epithelioraii,  and  timiours  of 
the  testicle,  etc, 

Special  interest  is  attached  to  the 
appearance  of  glycogen  in  considL-ndjle 
quantity  in  many  organs  in  diabet. 
mellituB,  Here  we  have  to  deaf  with  <. 
general  diaturbance  of  metabolism,  in 
which  considerable  quantities  of  grape- 
sugar  are  formed  from  albumen  and  carbo- 
hydrates. Of  these  the  major  part  is  voided  with  the  tuine ;  but,  at  the  same 
time,  a  great  quantity  of  glycogen  is  deposited  in  the  organs,  -Bspecially  in 
the  liver,  kidneys,  heart^muacle,  and  in  other  situations  (Ehrlich). 

Since  the  first  discoveries  in  this  subject,  made  by  €'1.  Bernard,  various 
methods  for  the  artificial  production  of  diabetes  mellitus  have  been  found, 
such  IKS  injury  to  the  floor  of  the  fourth  Vfiitriclu,  extirpation  of  tlio  jwuicreas 
(Minkowski),  and  extirj)ation  of  the  curiae  ganglion.  The  last  appears  to  be  a 
powerful  agent  in  producing  diabetes.  After  excising  this  ganglion,  Trambusti 
was  able,  accordingly,  to  demonstrate  large  quantities  of  glycogen  in  the  cells 
of  the  liver  and  kidneys  as  well  as  in  the  white  corpuscles. 

The  more  serious  forms  of  diabetes  in  man  are  generally  disturbances  of 
metabohsra  whieh  prove  fatal  sooner  or  later.  The  transient  occuirence 
of  sugar  in  the  urine,  on  the  other  hand,  is  not  a  serious  condition.  It  is 
found  in  gout,  general  lipomatosis,  in  poisojiing  with  carbon  monoxide,  opium, 
morphine,  curare,  etc.,  and  also  in  many  acute  infections,  of  which  cholera  and 
multiple  furuncles  are  best  known.  Many  injuries,  especially  injuries  to  the 
head,  have  a  similar  effect. 
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X.  Pigmentation 

The  pigment  in  the  human  body  occurs  both  pathologically  and  normally^ 
partly  in  the  granular  form,  and  partly  in  solution.  Many  pigments  are  derivLnl 
from  the  blood  pigment  A<rmf>//t>W«.  Others  are  formed  in  tho  tissues  from  the 
non-pigmented  nutrient  fluids  as  aufochlficnn/ns  piginentation.  In  a  third  set  of 
cases,  finally,  the  pigment  is  derived  from  extraneous  sources  and  introduced 
into  the  Ixxly  as  such — j/ininenhUm  hj  iinportotum. 

(I)  The  principal  derivative  of  the  blood  pigment  is  bik  piijnienl,  which  is  formed 
physiologicalh'  in  the  liver.  Under  pathological  conditions,  the  formation  of 
bile  pigment  in  the  liver  varies  greatly.  It  is  of  special  importance  to  the 
physician,  because  it  causes  the  symptoms  of  jaundice  (tc/f/nw). 

In  generul  uirras,  the  whole  of  the  tissues  are  stained  by  dissolved  bile 
pigment.  Sometimes  the  bile  pigment  separates  out  in  crystals  or  granules  in 
the  tissues,  probably,  however,  only  after  death.  The  yellow  colour  of  the  skin 
is  generally  verj'  apparent,  and  may  amount  to  a  mottled  greenish-brown.  As 
a  rule,  the  coloration  is  first  seen  in  the  conjunctiva.  The  bones  and  the 
central  nervous  system  show  very  slight,  or,  under  some  circumstances,  no 
pigmentation.  The  secretions  of  the  glands,  especially  the  urine,  generally 
contain  bile  pigment,  and  frequently  bile  acids  also,  which  pass  into  the  blood 
with  the  bile  pigment.  The  urine  then  assumes  a  dark  yellow  colour,  after- 
wards becoming  tlark  brown,  like  beer  or  porter. 

Bile  pigment  is  formed  physiologically  in  the  liver.  This  has  been  concluded 
from  the  fact  that  bile  constituents  cannot  be  demonstrated  either  in  the  blood 
of  the  port.il  vein  or  in  the  hepatic  arteries  (Lehmann),  although  very  seositiTe 
chemicid  reactions  are  at  our  disposal  for  bile  acids  and  bile  pigments.  The 
experiments  of  Alex.  Schmidt,  Schwarz,  Kallmeyer,  and  Hoffmann,  who  traced 
out  the  formation  of  bile  pigments  and  bile  acids  in  individual  liver  cells,  seem 
to  be  direct  proof  of  this. 

The  bile  pigment  passes  with  the  bile  into  the  intestine,  where,  together 
with  the  other  constituents  of  the  bile,  it  influences  tho  digestion  and  absorption 
of  nutriment  in  many  ways^  and  is  partly  transformed  into  urMin  by  reduc* 
tion  in  the  intestinal  contents  which  have  very  little  oxygen ;  a  great  part 
of  the  pigment  is  then  voided  from  the  intestine  with  the  fseces.  It  may  be 
assumed,  however,  that  a  fair  amount  of  the  bile  pigments  and  bUe  acids  is 
reabsorbed  by  the  bile  ducts  and  intestines  (Bitldcr  and  Schmidt,  Hoppe-Seyler, 
Schifli  Kunkel,  Stadelmann,  Loewenton,  Winteler).  It  is  certainly  remarkable 
that  no  bile  constituents  are  demonstrable  in  the  blood.     They  are  present. 
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however,  in  the  Dormal  urine  in  man  (Naiinyn,  Vogel,  Hone).  Urobilin, 
especially,  is  invariably  present  in  the  urine  (Jaffe).  Tappeiner  was  able  to 
demonstrate  bile  acids  vnih  certainty  in  the  chyle  of  the  dog.  Either  the 
reabsorbed  bile  constitut*nts  must  alter  their  chemical  composition  in  the  blood, 
or  it  is  the  rapid  secretion  of  the  bile  constitoents  from  tfie  blood  by  tfie  liver 
and  kidneys  which  makes  it  impossible  to  demonstrate  them  in  normal  blooA 
This  is  the  more  probable,  as  the  blood  which  comes  from  the  veins  of  the 
intestines  and  bile  ducts  is  immediately  carried  back  to  the  liver,  where  it  is 
able  to  give  off  its  biliary  constituents  again. 

Gt>iwral  kierus  (that  is,  the  accumulation  of  bile  lugments  in  the  blood  and 
in  the  tissues)  arises  from  various  causes,  and  we  may,  accordingly,  distinguish 
four  principal  forms  :  icterus  from  obstruction,  toxic  icterus,  infectious  icterus, 
and  icterus  neonatorum, 

(a)  Irierusfrom  f^bsirucimt  is  the  result  of  occlusion  of  the  bile  ducts,  especially 
of  the  common  bile  duct.  In  man  this  is  frequently  due  to  catarrhs  of  the 
duodenum^  which  extend  into  the  teniiinal  portion  of  the  ductus  choledochus, 
so  that  the  bimcn  of  Vater's  ampulla  is  closed  by  a  plug  of  mucus,  formed  from 
catarrhal  secretion.  Many  other  obstructions  act  similarly^  gall-stones  which 
obstruct  the  duct,  for  instance,  and  cicatrices  and  tumours  which  compress  it 
from  without.  No  bile  passes  into  the  intestine  ;  the  contents  of  the  intestine, 
therefore,  lose  their  bile-stained  colour,  and  become  pale  and  clay-coloured. 
At  the  same  time,  in  consequence  of  the  impaired  absorption  of  fat,  they  contain 
a  great  <piantity  of  fat,  and  undergo  many  abnonual  <lc'compositions  resembling 
putrelaction,  because  bile  bos  some  bactericidal  properties  and  by  means  of 
them  exercises  a  distinct  intluenco  on  bacterial  decomposition  in  the  intestines. 

The  larger  hlk  durts  become  gradually  distended  by  the  accumulating  bile ; 
their  contents  then  stagnate  and  lose  their  colour,  while  bite  pigments  and  bile 
acids  are  absorbed  by  the  walls  of  the  ducts.  It  would  appear  that  the 
lymph-vessels  are  chiefly  concerned  in  this  process  of  absorption.  If  the  ductus 
choledochus  in  animals  is  ligatured,  the  bile  constituents  pass  into  the  blood. 
If,  at  the  same  time,  the  thoracic  duct  is  opened  and  its  contents  allowed  to 
drain  away  externally,  they  are  found  to  be  rich  in  bile  pigment  and  bile  acids, 
while  the  blood  remains  free  from  bile  (Tiedemann  and  GmeHn,  Fleischl). 

Even  the  smaller  hi!/'  du^is  between  the  liver  cells  also  prove  to  be  dilated 
when  examined  minutely  with  a  high  power;  their  contents,  however,  are 
highly  bile-stained,  from  which  it  may  be  concluded  that,  from  them  at  any 
rate,  no  extensive  absorption  takes  place.  The  liver  rrll.<  also  are  strongly 
jaundiced.  At  the  same  time,  tlie  pigment  of  the  liver  cells,  brown,  granular, 
and  insoluble  in  water,  is  usually  found  in  increased  amount  and  is  to  be  care- 
fully distinguished  from  bile  pigment.  The  presence  of  bile  pigment  in  the 
blood  does  not  ap[}oar  to  c.iuse  any  considerable  disturbances  of  function,  and, 
in  any  case,  is  only  slightly  poisonous.  The  bile  acids,  on  the  other  hand,  after 
they  enter  the  bloody  act  as  virulent  poisons  on  the  nervous  and  muscular 
systems  ami  on  the  blood  corpuscles,  as  was  first  shown  by  Dusch.  The  pudse 
slows  to  forty  beats  per  minute,  there  is  muscular  iveakness,  general  debility, 
itching  of  the  skin,  and,  under  certain  circumstances,  grave  nervous  disturb- 
ances and  somnolence  arc  produced ;  in  serious  cases  (the  so-called  icterus 
gravis),  delirium,  convulsions,  coma,  low  and  high  temperatures  are  also  marked 
featiures  in  the  disease.  The  salts  of  the  bile  acids  are  also  capable  of  dissolv- 
ing the  red  blood  corpuscles  (Hiinefeld,  v.  Dusch,  Rohrig,  Leyden,  Lowit, 
Kywosch),  a  fact  which  is  of  all  the  greater  importance  since  the  presence  of 
dissolved  haemoglobin  in  the  blood  increases  the  formation  of  bile  pigment  in 
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the  liver  (W.  Kuhne,  M.  Herrmaan,  Nothnagel,  Stadelmanii).  Tiiere  can  be 
no  doubt  tlmfc  bile  pigment  is  one  of  the  products  of  decomposition  of  the 
blood.  At  the  same  time,  the  bile  acids  circulating  in  the  blood  are  able  to 
stimulate  the  formation  of  bile  pigments  in  the  liver,  and  by  this  means  to  bring 
about  a  further  increase  of  the  icteru.s  (W.  Kiihrie,  SokoloiT,  Stadelmann). 

Very  frequently  the  obstruction  to  the  t!ow  of  bile  into  the  intestine  is 
removed.  The  plug  of  mucus  in  Vater's  ampulla  or  the  gall-stone  which  has 
been  impacted  in  the  bile  duct  ia  driven  out,  for  which,  of  course,  no  great 
force  can  be  obtained,  since  the  pressure  in  the  secretion  of  the  bile  does  not 
easily  exceed  16  mm.  of  mercurj^^  althou*;h  it  may  rise  higher  than  the  blood- 
pressure  in  the  portal  vein.  When  the  bile  again  flows  freely  into  the  intestine 
after  removal  of  the  obstruction,  the  disturbance  gradually  disappears.  The 
liver  now  secretes  great  quantttiea  of  bile  ;  the  contents  of  the  intestine,  accord- 
ingly, may  become  too  strongly  coloured,  and  abnormally  targe  quantities  of 
bile  constituents  pass  out  with  the  fieces.  It  is  very  remarkable,  however, 
that  the  icterus  disappears  very  slowly — a  fact  which  I  explained  by  the 
circumstance  that,  in  this  stage  of  convalescence,  abnormally  large  quantities 
of  bile  constituents  are  absorbed  by  the  intestinal  wall.  Finally,  the  remark- 
able fact  is  observed  that  the  bile  pigment  gradually  disappears  from  the  urine 
and  a  large  quantity  of  urobilin  appears  in  its  place.  This  also  is  due  to  the 
absorption  of  bile  pigments  from  the  intestine,  since  these  are  to  a  great  extent 
transformed  into  urobilin  there  (G.  Hoppe-Seyler). 

(i,  c)  The  most  important  points  concerning  irtenis  due  to  Uaic  and  in/ffHiou* 
causes  have  been  already  discussed  (pp.  41  and  51).  Many  poisons  and  in- 
fections cause  solution  of,  or  at  least  injury  to,  the  red  blood  corpuscles.  This 
brings  about  an  increased  formation  of  the  bile  pigments,  which  ajipetirs  to  be 
carried  out,  not  in  the  blood,  but  in  tlie  liver,  as  may  be  gathered  from  the 
experiments  of  Minkowsky  and  Naunyn  already  spoken  of,  and  as  might  have 
been  inferred  from  the  investigations  of  Joh.  Miiller,  Kunde,  and  Moleschott. 
The  great  formation  of  bile  pigments  produces  a  dark  colour  in  the  contents  of 
the  bile  ducts  and  the  intestine.  It  is,  therefore,  not  improbable  that  toxic 
icterus  arises  from  the  absorption  of  large  quantities  of  bile  pigment  by  the 
walls  of  the  bile  duct  and  intestine.  Extensive  absoq>tion  of  the  salts  of  the 
bile  acids  sometimes  also  tctkes  place  ;  for,  in  many  cases  at  least,  bile  acids 
may  be  demonstrated  in  the  higlily  pigmented  urine  passed  during  toxic  and 
infectious  icterus.  The  amount  of  the  bile  acid  in  the  blood  thus  determines 
the  degree  of  the  other  d  is  turban  ce.«,  already  mentioned  in  obstructive  icterus, 
which  are  associated  with  the  yellow  coloration  of  the  tissues  and  many  glandular 
secretion.*  in  toxic  and  infectious  ictenis  also. 

((/)  Jaundk€  in  ifte  newlt/-kfi^  chiU,  iderus  neonaioj'um,  is  partly  physio- 
logical, and  partly  pathological.  In  many  cases  there  is  occlusion  of  the 
bile  ducts,  with  consequent  obstructive  icterus,  causing  death.  Very  frequently, 
at  any  rate,  hereditary  syphilis  may  be  looked  upon  as  the  cause,  since  syphi- 
litic cicatrices  occur  in  the  neighbourhood  of  the  bile  ducts,  as  may  be  gathered 
from  the  abstracts  of  Oerhardt  and  Lomer.  In  other  cases,  infective  ictenis 
is  caused  by  septic-pya'mic  infection,  proceeding,  as  a  rule,  from  the  umbilical 
cord.  A  (act  which  deserves  special  mention,  however,  is  that  in  very  many 
children  who  are  otherwise  healthy,  an  ictenis  occurs  two  to  four  days  after 
birth,  evidently  just  on  the  boundary  between  physiological  and  pathological 
conditions.  Very  various  views  have  been  advanced  as  to  the  causes; 
Breschet  supposes  that  great  quantities  of  blood  pigment  ai'e  broken  up  at  birth 
and  give  rise  to  icterus.     He\%'itt  and  Silbermann,  on  the  other  hand,  support 
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the  view  that  the  dilatation  of  the  portal  blood  system  which  occurs  im- 
mediately after  birth  causes  compression  of  the  bile  dticts  in  the  liver  and 
brings  on  obstructive  icterus.  The  theory  of  Bii'ch-Hirschfeld,  however,  is 
thoroughly  established.  He  draws  attention  to  the  freijuenfc  occurrence  of 
venous  congestions  during  and  after  birth,  and  to  tlie  u'dema  of  the  connective 
tissue  processes  which  accompany  the  bile  ducts  in  the  liver,  mlema  0/  ike  sth 
adlf-d  Glhsf/iis  capsule.  This  tedema  of  the  connective  tissue  of  the  iiver  which 
has  been  demonstrated  in  a  great  number  of  cases,  develops  mainly  in  pro- 
tracted labours,  or  when  there  is  twisting  of  the  umbilical  cord  or  functional 
weakness  of  the  heart  in  the  newly-born  child.  The  tfdema,  however,  pro- 
duces compression  of  the  bile  ducta  in  the  liver,  and  icterus  from  absorption. 

Icterus  in  the  newly-lwrn  child  leads  not  only  to  a  ditVuse  yellow  coloration 
of  the  tissues,  but  fretiuently  also  to  a  deposit  of  crystallised  bile  pigment 
(bilirubin)  in  the  connective  and  fatty  tissues  (Neumann,  Orth).  The  fat  in  the 
adiiK)if5e  tissues  appears  to  have  a  special  tendency  to  absorb  bilo  pigment,  since 
in  newly-born  children  it  sometimes  contains  deposits  of  bilinibin  in  crystals, 
when  no  icteric  colour  can  be  perceived  in  the  skin  (Neumann). 

The  deposit  of  bilirubin  in  the  tissues  of  embryos  which  have  perished  (in 
utero)  a  long  time  before  birth  and  have  undergone  red  softening,  is  to  be 
carefully  distinguished  from  ict^irus  neonatonim  (see  pji.  184  and  IDS).  In 
this  case  the  foi-mation  of  bilirubin  is  a  result  of  the  solution  and  decomposition 
of  the  bloml  pigment  which  occurs  in  each  indivitbial  orgiin.  The  iirocess  can 
be  observed  with  the  naked  eye,  since  the  red  colour  of  the  tissue  and  the  skin 
passes  into  yellow  in  some  parta,  but  it  is  only  the  result  of  jMst-mottem 
decomposition  of  the  blood  throughout  the  body. 

From  this  general  consideration  oi  the  most  important  varieties  of  icterus 
it  may  l>e  learned  that  a  very  slight  increase  in  the  bile  constituents  ab- 
sorbed by  the  bile  ducts  and  intestines,  and  finally  passing  back  to  the  blood, 
suffices  to  cause  general  icterus.  This,  then,  is  as  much  the  result  of  distm*bances 
of  absorption  as  of  increased  formation  of  bile  ptg:ment.  It  can  therefore  be 
understood  that  many  local  diseitses  of  the  liver,  venous  congestion,  connective 
tissue  contractions  (ciiThosia),  and  others  give  rise  more  or  less  frequently  to  the 
sjrmptoms  of  jaundice. 

The  serious  forms  of  nervous  distui'bauces,  delirium,  convulsions,  coma, 
which  distinguish  icterus  graWs  are  developed,  however,  in  a  few  eases  where 
only  a  slight  yellow  discoloration  of  the  skin  and  mucous  membrane  could  be 
seen.  Fuither  investigations  must  decide  whether,  in  this  case,  there  is  an 
accumidation  of  metabolic  products  in  the  blood,  resulting  from  disturljances 
of  function,  and  to  be  regarded  as  the  precursors  of  the  bilo  constituents^  or 
whether  there  ia  a  lessened  production  of  bile  pigment,  with  increased  formation 
of  bile  acids  and  other  poisonous  metabolic  products.  The  small  amount  of 
pigment  in  the  liver  in  the  icterus  gravis  which  occiu's  after  acute  phosphorus 
poisoning  is  in  favour  of  the  latter  x-iew.  The  experiments  of  Kunde,  who 
demonstrated  the  green  pigment  in  an  alcoholic  extract  of  blood  from  frogs  in 
which  the  liver  had  been  excised,  ma}',  however,  be  tjiken  as  an  indication  that 
precursors  of  the  bile  pigment  circulate  in  normal  blood. 

Farmiiioti  uf  biU  piyiiwHt  /s  one,  of  the  speafic  fuiuiims  of  the  /ttw,  but  maij  also 
he  carritd  md  in  otJtrr  mffmL<i. 

Tumour-like  formations  of  liver  tissue  (adenoma)  sometimes  occur  in  the 
liver  and  form  metastases  in  other  organs.  It  may  thus  happen  that  islets  of 
liver  tissue  aie  formed  widely  separated  throughout  the  body,  and  those  form 
secretions   simikr,   in    appearance  at   least,  to  bile.     Such  cases  have  been 
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deBcribed  by  Frieilreich  and  Bock,  and  I  have  also  observed  one  (Fig.  287)  in 
which  such  tumours  were  present,  more  especially  in  the  liver,  the  portal 
lymph-glands,  and  the  spleen.  Iti  the  case  of  Bock,  a  tumour  of  this  kind, 
situated  in  the  choroid,  was  chemically  examined  also,  and  a  large  amount  of 
bihvertlin  demonstrated  in  it  by  Lnstgartou. 

The  formation  of  bilirul>in,  which  may  take  place  in  almost  any  of  the  organs 
in  which  hnpraorrhage  has  occurred,  is  more  important.  It  prrxhioes  hval  irit-mSj 
jind,  at  the  same  time,  brings  about  the  appeanmce  of  granular  hu*matogenous 
pigment.  The  fate  of  the  blood  extravasiited  into  the  tissue  ha.s  lieen  clearly 
settled  in  its  most  important  points  by  meuna  of  the  investigations  of  R.  Virchow, 
Perls,  I^inghans,  J.  Arnold,  Coi-dua,  Angerer,  Quincke,  Hindenlang,  and  Neu- 
mann, In  the  first  place,  the  red  corpuscles  begin  to  dissolve,  because  the  tissue 
fluids  arc  poorer  in  salts  than  the  blood.     In  microscopic  examination  of  the 


y^ 


A 


h 


.'» 


Fl«J.  287.— Uvcr  adeitouiA  from  ihe  ftp]eei)«  containing  bile,    jf,  j?,  p,  Maims  of  bilivctalned  s«cretiou ; 
e,  r,  C-,  blood  capllliiriwi..    XWO. 


extravaeation,  the  more  or  less  decolorised  stroma  of  the  red  blood  corpuscles, 
some  leuci^cytes  and  fibrin  are  found,  in  addition  to  dissolved  haemoglobin.  Id 
blood  extravasations  which  have  been  hardened  in  alcohol,  in  order  to  prepare 
them  for  sections,  coloured  crystals  are  also  sometimes  found  which  resemble 
haematoidin  crystals  (Fig.  289),  but  more  probably,  however,  consist  of  the 
raodificiition  of  the  haemoglobin,  pdrhamftgkMn  (Nenski),  which  has  the  same 
composition  as  ha-moglobin,  but  is  distinguished  by  its  insolubility  (Fig.  288). 
ParhiTemoglobin  very  frequently  appears  in  jmthological  preparations  which  have 
been  hardened  by  alcohol.  According  to  Kol>ert,  however,  it  may  occiu*  in  the 
body,  especially  in  the  liver  and  spleen,  even  before  the  tissues  have  been  hardened. 

Substunr^^  denied  from  thi  demmposUion.  of  luvmoghthin,  viz.  hamtUoidin  and 
fut'mosidrrinf  are  also  developed  in  the  extravasated  blood. 

Htrmatoidin  has,  after  a  long  discussion,  licen  acknowledged  to  be  a  pigment 
identical  with  hUindnn^  the  colouring  matter  of  the  bile.     Like  this  latter,  it 
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view.  Hiemosiderin  granules,  giving  the  bluo  reaction  with  acid  fcrrocyanido 
of  potassium  (Turnbuirs  blue),  ai-e  not  so  Gonimonly  found  ;  they  contain 
iron  in  the  form  of  protoxide  of  iron  or  albuminate  of  protoxide  of  iron. 

Hifmosideriii  occurs  in  the  tissue  spaces  iirjd  often  also  within  the  cells.  In 
the  latter  case  the  granules  of  the  hacraosiderin  are  so  tine  that  they  may  pr<xiuco 
a  diffuse  light -brown  coloration  of  the  protoplasm.  It  may  also  oocm*  that 
tissues  adjacent  to  the  ha?mosiderin  granules,  although  free  from  colour,  give  a 
diffuse  iron  reaction  with  ferrocyanide  of  potassium  and  hydrrjchloric  acid,  and 
with  sulphuretted  hydrogen  and  ammonium  sulphide.  This  makes  it  probable 
that  there  is  a  soluble  colourleas  albuminate  containing  iron  in  the  tissues.  The 
deposits  of  ha^raatoidin  and  hfemo^iderin  appear  as  (jramdar  and  rrifstitHin^ 
futnwioffinojis  piaweiitdtion  of  {he  tisitue,  Quincke  was  first  to  point  out  that 
hsematoidin  and  hcemosiderin  are  formed  in  ditierent  p^u'ts  of  large  blood 
extravasations,  although  here  and  there  they  may  occur  together.  Thi.-i  fact 
indicates  that  the  fomlitioius  far  iJi^formntitm.  of  haviaimdin  and  of  hamos^idn'in 
are  not  tlie  same.     Since  hseraosiderin  is  so  frequently  contained  in  h'ving  cells, 


FlO.  990.— llti-uiittoiilin  cryRtali  tram  the 
■ofteoed  centre  of  a  large  blood  exttrnvaaa- 
tton  lo  th«  peritoneal  cavity,  x2M). 


Fifi.  -JSL^nK-ttioittdsrin  pArlly  eitcluiKnl  In  iintilMltad  MJDl, 
imrUy  Ij'iug  frw  in  tha  alvooU  and  t)ie  nlveolar  Mpli  of 
theliingH.    Proina  oauofbeartHliseaiM!.    xlOOO. 


while  h^matoidin  is  very  frequently  met  with  in  the  interior  of  krge  dis- 
integrating  extravasations,  at  some  distance  from  living  tissue  elements, 
Quincke  and  Neumann  concluded  that  the  formation  of  hiemosiderin  requires 
the  co-operation  of  living  tissue  elements,  while  the  formation  of  hjematoidin 
docs  not.  .%rae  investigations  made  by  Pauski  and  myself  make  it  appear 
very  probable  that  the  fonnation  of  hiumosiderin  and  hsematoidin  is  deter- 
mined by  the  greater  or  less  proportion  of  oxygen  in  the  tissue.  If  some 
of  the  splenic  veins  be  ligatured  in  a  li\ing  animal,  a  high  degree  of  con- 
gestion occiu's  in  a  more  or  less  considerable  extent  of  the  organ  (Fig.  292). 
At  the  same  time,  the  supply  of  oxygenated  arterial  Idood  is  very  consider- 
ably limited,  this  being  shown  by  the  dark  colour  of  the  area  of  infarction. 
In  the  course  of  one  to  three  days,  the  hiemosidcrin  of  the  spleen  tissue, 
which  is  very  considerable,  rapidly  and  completely  disappear  fiom  the  area 
of  this  infarct,  so  that,  in  obtaining  the  reactictn  with  ferrocyanide  of 
potassium  and  hydrochloric  acid,  a  sharp  contrast  between  the  vivid  blue 
colour  of  the  noiTuai  tissue  and  that  of  the  infarct,  which  is  completely 
free  from  Pnissian  blue,  is  visible  even  to  the  naked  eye.  Similar  re-stdts 
are  obtained  with  the  reaction  with  ferrocvanide  of  potassium  and  hydro- 
chloric acid.  The  hiemosiderin  In  the  area  of  the  ligature  is,  however,  com- 
pletely replaced,  so  soon  a«  the  circulation  of  the  blood  in  the  spleen,  and 
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with  it  the  supply  uf  oxygen,  is  restored,  ley  loosening  the  ligatures  of  the 
veins. 

The  physiological  forratition  of  ljilirul»iii  or  haematoitlin  m  ojin-ied  out  in 
the  liver,  an  orgiin  which  is  ehiefly  supplied  by  the  blood  of  the  portal  vein, 
which  contains  v^ery  little  oxygen.  Pathological  formation  of  hfematoidin 
inaiDly  takes  place  in  the  large  htemoiThages  in  the 
tissues  and  cavities  of  the  human  body  which  have  become 
dark  red  as  a  result  of  want  of  oxygen.  Finally,  from 
a  chemical  point  of  \iew,  the  change  of  hitmoglobin  into 
h»matoidin  may,  speaking  generally,  be  compared  to  a 
process  of  reduction, 

Hiemosiderin,  on  the  other  hand,  is  mainly  found  in 
small  extravasations,  and  especially  in  pulmonary  tissue 
which  contains  a  large  amount  of  air  and  oxygen,  as  in 
chronic  venous  hyperajmia  of  the  lungs  associated  with 
hiemorrhage  by  diapedcsis.  Accordingly,  in  the  hemo- 
siderin the  iron  is  completely  saturated  with  oxygen. 

I  therefore  feel  justified  in  stating  that : — 

In  tlic  drwmjMifitwn  of  hanntighifnn^  hmuitaidin  is  forvied 
f»  situations  where  oxygen  is  small  in  amount,  and  hrmosidcriii 
in  parts  where  OfXijgen  u  in  t'icce,s.^.  The  simultaneous  occur- 
rence of  hsematoidin  and  htemosiderin,  occasionally  ob- 
served, may  then  bo  explained  1>y  the  presence  of  a  com- 
paratively small  supply  of  oxygen  in  the  tissues,  by 
which  a  portion  of  the  extravasated  hitfmoglobin  is  reduced 
to  hiematoidin,  wldlc  the  remaining  jDortion  becomes  hiemosiderin  by  oxidation 
of  the  iron-  The  simultaneous  occurrence  of  the  two  decompositions  ia 
facilifcjited,  because  the  ha^rmitoidin  is  free  from  iron  and  the  hiemosiderin 
contains  iron,  Haematoitlin  and  hiemosiderin,  although  fi'oquently  preserved 
for  a  long  time  in  the  tissues^  may  eventuidly  disappear ;  hit^matoidin, 
because  it  is  soluble  to  a  slight  degree  in  the  tissue  fluids;  ha^moaiderin 
perhaps,  because  it  is  sometimes  decomposed  by  occasional  deficiency  of 
oxygen  in  the  tissues. 

The  processes  which  take  place  in  blood  extravasations  are  not  limited  to 


Fto.  292.  ^  ClroaniscrTbed 
hieiuorrhagic  inJUrct  of 
the  flploen  of  tins  dog  fira 
ilays  &ftcr  li^ture  at 
souiR  of  the  bnitieli«s  of 
the  fliilenic  veins.  Longi- 
ludliiul  Hectioii.  Nat. 
size. 


Flo.  298. — CelU  eonUiulng  blood  corpiiBcloit  from  the  »p1«en  pulp  ]n  tjrphoiti,  after  n  dniwitig  of  tuy 
oolleftgue,  Dr.  N.  Sokolulf,  x  1000. 

the  formation  and  the  eventual  solution  of  hsematoidin  and  h«:!mosiderin. 
In  the  first  place,  in  addition  to  the  cells  cont^iining  pigment  granules,  alrcjidy 
mentioned,  cells  containing  blood  corpuscles  are  also  formed.  These  are  found 
in  great  quantity  in  the  Bpleen  pulp  in  typhoid,  when  the  pulp  becomes  over- 
crowded by  innumerable  blood  cells  (Fig.  293).  They  are  also  present^  how- 
ever, in  hftimorrhagea  in  other  organs,  although  in  less  number. 

A  gi'eafc  number  of  the  extravasated  red  and  white  cells  of   the   bloody 
together  with  pigment  granules,  leucocytes  containing  pigment  granides,  and 
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cells  conttuning  blood  corpuscles,  pass  into  the  lymph-vessels  and  thence  into 
the  nearest  IjTnph -glaods.  Here  some  of  the  iiuported  cells  are  eA-ideutly 
broken  up.  At  least,  we  find,  especially  in  the  sinuses  of  these  lymph-glands, 
non-nucleated  and  nucleated  cells  which  conbiin  more  or  less  haemosiderin,  and 
also  free  ha-mosidLTin  granules  in  varying  amount.  Many  red  and  white 
blood  corpuscles  apparently  pass  through  the  lymph-spaces  of  the  lymph-glands 
and  return  to  the  blood  along  with  the  lyraph  in  a  more  or  less  unaltered 
condition,  or  after  losing  a  pirt  of  theu"  ha'inoglobin.  A  considerable  propor- 
tion of  the  dissolved  ha>moglobin  of  the  extravasation,  and  also  a  part  of  the 
bile  pigment  formed  in  it,  and  remaining  in  solution,  are  reabsorbed  and  taken 
Imck  to  the  Idood. 

During  those  processes  alterations  of  colour  take  place  in  the  extravasation 
and  its  vicinity,  and  may  bo  perceived  through  the  unbroken  skin  when  the 
haemorrhage  is  superficial.  The  red  colour  first  passes  into  a  brownish  tint  and 
sulisefjuently  becomes  bluish,  greenish,  and  finally,  yellow.  If  the  quantity  of 
bile  pigment  formed  be  considerable,  the  yellow  coloui'  may  considerably 
predominate,  indicating  liMdl  utcnsn.  Quincke  has  closely  traced  this  local 
icteric  colour  by  experiments  on  dogs,  and  has  demonstrated  h^eniat^^idin 
crystals  and  dissolved  bile  pigment,  microscopically  and  chemically,  in  these 
yellow-stained  tissues.  An  example  of  such  an  occurrence  in  man  has  already 
been  given  in  describing  snake-bite  (p.  42).  If,  in  such  a  cAse,  the  extra vasated 
blood  pigment  produces  a  quantity  of  bile  pigment  in  the  injured  limb,  this 
may,  to  a  great  extent,  have  been  due  to  the  fact  that  a  toxic  rt'dema,  occur- 
ring simidtaneously,  interferes  wnth  capillary  circulation  and  thus  causes  a 
deficiency  of  oxygen  in  the  tissues.  Deficiency  of  oxygen,  as  w^e  are  justified 
in  assumijig,  is  the  most  important  condition  for  the  formation  of  hsematoidin, 
and  therefore  also  for  the  production  of  local  ictenis. 

This  case  of  snake-bite  explains,  at  the  same  time,  how  it  is  possible  that  a 
general  (mhcpalogmuva  ickrus  may  arise  from  local  ictenis  of  any  imrt  of  the  body, 
a  fact  to  which  Quincke  drew  particular  attention.  In  this  cjise  the  general 
icterus  was  only  slight,  since  the  source  of  the  bile  pigment  was  limited- 
Therefore,  in  such  cases,  beyond  the  shght  yellow  coloration  of  the  conjunctiva 
of  the  eyes  and  the  yellow  tinge  of  the  skin,  which  can  hardly  be  recognised 
•srith  certainty,  there  is  not  much  to  be  seen.  The  urine,  in  particular,  is  un- 
altered, since  the  liver  completely  carries  out  the  excretion  of  the  superfluous 
bile  pigment  from  the  bloo<l. 

Well-marked  forms  of  general  anheixitogenoua  icterus  are  also  observed, 
however.  In  these  cases,  gi-eat  rpiantities  of  unJnlin  first  appear  in  the  urine 
{urobilin  icteivnj  Poncet,  Dreyfuss-Breisach,  Kunkcl,  Quincke),  and  as  the  cases 
become  more  marked,  bilinthin  also.  The  interpretation  of  the  individual  cases 
in  man  is  a  matter  of  great  difficulty,  however,  since  it  is  as  yet  almost  im- 
possible to  determine  accui^ately  the  part  taken  by  the  liver  in  the  formation 
of  bile  pigment  in  cases  of  intoxications  and  infections,  cardiac  lesiorjs,  nervous 
disturbances,  blood  diseases,  and  multiple  haemorrhages,  all  of  which  may  pro- 
duce general  icterus.  Experiments  on  animals,  however,  yield  the  following 
general  result : — 

Di&sohrd  hojruigloinn  which  has  been  absorbed  by  the  blood  in  this  condition 
or  dissolved  \rithin  the  vessels  is  excreted  by  the  kidneys,  either  as  htrtmgrMnu 
or  mainly  as  mdhirnuinjlohin.  It  is  also  partly  converted  into  bilirubin  in  the 
liver,  and  this  again  is  iiartly  transformed  into  urobilin  in  the  intestine,  from 
whence  it  may  be  reabsorbed  and  afterwards  excreted  by  the  kidneys. 

Bilirubin  is  removed  from  the  blood  by  the  liver  and  kidneys  as  bilirubmy 


CHLOROMA,  MELAN^MIA 


437 


and  excreted  in  part  by  the  kidneys  as  urohiliji.  It  is  prolmble  that  in  many 
caaes  the  urobilin  of  the  iii-ine  is  derived  from  the  intestinej  where  it  originated 
in  the  hilindiin  pelded  by  the  liver. 

In  very  extensive  brealdng  down  of  the  red  cells  of  the  blood  (Quincke) 
and  in  extensive  multiple  hiemorrhages  (Hindenlang)  many  organs,  such  as  the 
lymph -glands,  liver,  spleen,  bone- marrow,  become  deeply  pigmented  with 
granular  hfumosiderin. 

Chlorvtmi  (Aran)  represents  a  special  form  of  hiematogenous  pigmentation, 
forming  the  green  colour  of  many  tumours.  These  are  cellular  new  formations, 
consisting  chieHy  of  lymphoid  cells  which  present  a  more  or  less  green  tint  on 
their  cut  surface.  This  ia  usually  ditiiise,  but  Huber  and  Chiari  have 
described  cases  in  which  green  pigment  was  a^ociated  with  the  presence  of 
minute  fat  droplets  in  the  cell  protoplasm.  As  was  shoi-TO  by  Waldsteiu,  the 
green  pigment  in  chloroma  ia  very  probably  a  derivative  of  the  blood  pigment. 
Ochnmj}-<ij^  of  the  cartilages  belongs  to  the  same  class  of  pigraentiition.  K, 
Virchow  and  Bostrom  have  described  two  cases  of  black  pigmentation  of  all  the 
cartilages  of  the  human  bwly  which  were  produced  by  granular  black  and  black- 
brown  pigment,  i«irtly  in  solution  and  partly  granular.  Diseased  portions  of  the 
endocardium  and  of  the  arteries,  where  there  was  a  thickening  with  connective 
tissue,  showed  the  same  coloiu".  In  both  cases  the  absorption  of  disintegrated 
blood  pigment  hy  the  circulating  blood  appeitrs  to  have  been  the  cause  of 
the  remarkable  pigmentjition. 

Lastly,  a  si>ccial  f>osition  is  occupied  by  the  fine,  intensely  black  granules 
of  pigment  chanicteristie  of  TnelammnuL  It  may  be  quite  well  assumed  that 
this  pigment  also  is  a  derivative  of  the  human  blood  pigment.  Apparently  it 
only  occurs  when  pai*asitic  microbes,  the  malaria  plasmodia,  are  present  in  the  red 
blood  cells  (Plate  IV.,  Fig.  /).  In  intermittent  fever,  the  malaria  plasmodia 
pass  into  the  red  blu€^d  cells.  These  then  become  gradually  decolorised,  while 
the  black  graiudes  arc  formed  within  the  jmrnsite.  These  latter  subsequently 
divide  into  a  large  number  of  younger  parasites,  leaving  a  portion  of  the  original 
protoplasm  undivided.  This  portion  of  the  protoplasm  contains  the  melanin 
molecules.  Both  it  and  the  now  colourless  cells  which  contain  it  l>reak  down, 
and  the  melanin  p;uticies  are  set  free.  They  circulate  free  in  the  blood  for  a 
time,  but  are  at  length  taken  up  by  the  white  colls,  which  are,  iis  a  ride,  incrciised 
in  numijer.  The  melanin  particles  ]iass  Avith  the  blood  into  all  the  organs,  and 
then,  by  transudation,  into  the  tissues,  to  which  they  give  an  ashen-gray  colour. 
In  the  tissues  they  are  mainly  situated  along  the  blood-vessels.  It  is  only 
in  the  spleen  that  they  are  foimd  in  great  quantity  (Fig.  294),  the  liver,  and 
the  bone-marrow,  the  organs  in  which  foreign  granular  substances  in  the  blood 
are  always  deposited, 

TarU:  meiujuemia,  produced  by  carbon  lusidphirlc  and  carbon  oxysulphide 
(C,  Sehwalbe)  has  alreatly  l^een  briefly  mentioned  in  the  discussinn  of  intoxic^'itions 
(p.  43).  No  researches  have  been  published  aa  to  the  details  of  the  origin  of 
the  pigment  in  these  cases. 

Fseudo7ndiin/:/{i-is  is  the  black  colour  given  to  the  tissues  by  hferaosiderin 
gi'anules.  After  death  these  are  gradually  changed  into  sulphide  of  iron  by  the 
action  of  the  products  of  putrefaction  containing  sulphiuetted  hydrogen,  and 
by  the  diffusion  of  the  intestiFial  gases. 

ratadomtlmwdiii  accordingly,  most  frequently  appears  in  the  abdominal 
organs  as  spotted,  black  and  gray  markings  (Neumann). 

Psendomelanosifi,  however,  njtist  be  iliBtinguislie'd  from  the fonnation  of  vivianiLe.    Friedreich, 
Orobe,  and  Bottcher  hAve,  with  the  aid  of  tho  uiicroscope,  occaaioually  fuuud  ia  p&rta  of  the 
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cadaver  radially  striated  tufts  ond  noflules  of  crystals,  yellow  or  browu  in  colour,  which  became 
dark  blue  on  the  access  of  air. 

These  crystals  consisted  of  I'erroua  pbosphalo,  which  is  easily  oxidised  on  fxposure  to  air 
into  the  blue  ferroso-ferrie  phosphate.  In  other  cases,  the  vivianite  crystals  had  alrendy  become 
blue  when  they  were  observed.  When  this  happens,  blaekish-gray  arid  Iduu  upota can  be  perceived 
in  the  organs,  under  certain  circumstances,  even  with  the  naked  eye.  Under  the  action  of 
ammonium  sulphide,  the  vivianite  formations  become  black  ;  potaah  and  soda  canae  their 
colour  to  change  iuto  that  of  yellow  or  brown  hydrated  oxide  of  iron.  In  sulphnric  acid, 
hydrochloric  acid,  and  nitric  acid  they  are  sohible,  and  in  concentrated  acetic  acid  insoluble. 

In  the  cases  described  by  Bottcher,  the  presence  of  these  peculiar  formations  Avas  due  to  the 
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Pio.  S94.— Wide,  tMn>wall(Kl  vaiiui  and  adjacent  pulp  tisitie  of  the  aplcen  with  inelaiuejnic  pigmentation.  Th» 
black,  (franntrw  of  pigment  lii*  singly  and  in  groups,  partly  free,  partly  enclo»«I  ia  the  oelU  and  in  tliet  rcina 
of  thi'  pulp  tissue.  Bf  Hide  tbciii  are  nutneroUM  red  blood  cells  decolorised  by  Iiardeaing,  and  in  the  veiu  lU 
a  cell  coiiLoining  a  blixxl  carpiiscle  (after  a  drawing  by  Dr.  Sokolofl).     xMO. 

fact  that  the  parts  of  the  cadaver  had  been  preserved,  until  decomposition  wa.s  begun  or  wil 
vanccd,  in  an  iron  tub  whose  walla  had  given  up  iron  to  the  preivaratious.  In  Friedreich's 
case,  the  great  amount  of  htrmoaiderin  present  might  perhaps,  under  the  influence  of  decom- 
position, have  yielded  the  iron  for  the  vivianite  formation, 

(2)  Autochthonous  pigmentation  Ik  the  formation  of  pigment  by  the  tissues  from 
the  non-pigmented  nutrient  fluids.  The  pigment  is  then  found  either  in  a 
granulnr  condition  or  in  solution. 
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Granular  anlochikmions  ■pigment  produces  colorations  which  appear  brown  or 
black  to  the  naked  eye,  but  under  the  microscope  in  all  cases  show  fine  brown 
granules  in  the  tissues.  These  vary  greatly  in  (quantity,  and  their  colour  is 
sometimes  light  iind  sometimes  dark  brown.  This  granular  pigment  isBituated 
chiefly  in  the  cells  of  the  tissues,  and  only  sparingly  in  the  int-ercellular 
substance.     It  gives  no  iron  reaction. 

Physiological  granular  autochthonous  pigment  ia  developed  mainly  in  the 
pigmented  layer  of  theretiiiaj  in  the  iris  and  choroid,  and  in  the  conum  and  rete 
Malpigbi  of  the  skin.     These  are  the  organs  which  are  mainly  exposed  to  the 
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influence  of  light.  Marked  difl'erencea  are  seen  in  different  races  and 
families.  Pathologicjd  pigmenLitions  also  chiefly  aff*ect  these  p^irts  of  the  hotly. 
They  occur  either  as  local  pjifchological  conditions  or  in  connection  with  general 
discises. 

In  Adilisfm's  disease  we  have  to  deal  with  a  grave  general  disease  which 
terminates  fatally.  It  manifests  itself  by  a  slowly  progi'essive  wasting  of  the 
whole  body,  by  progressive  weakness  of  the  muscles,  debility,  neuralgias,  and  by 
a  gradual  bronzing  of  the  skin  and  mucous  membranes,  where  these  are  exposed 
to  the  action  of  light.  As  a  rule,  caseous  degeneration  of  the  suprarenal 
capsules,  generally  tubercukr  in  nature,  is  present  at  the  same  time.     The 
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brown  coloi-ation  of  the  skin  is  due  to  au  increase  of  its  normal  gramilar 
pigment,  which  is  situated  in  the  moat  superficial  layers  of  the  corium  and  in 
the  rote  llalpighi  (Fig,  295),  and  the  coloration  of  the  mucous  memhranes  to 
an  analogous  pigmentation  of  the  deeper  layers  of  the  epithelium  of  the  mouth, 
the  conjunctiva,  the  prepuce,  and  the  vagina. 

Among  the  local  autochthonous  pigmentations,  the  pigmenied  moh^s  of  the  «frtn 
and  the  jriirmciikd  tumours,  especially  mdaiwtir  siircoma,  must  be  included.  In  them  , 
the  pigment  is  found  in  a  granular  form  in  the  cells  of  the  connective  tissue' 
and  in  the  sarcoma  cells  (Fig.  296).  In  the  heiirt- muscle,  also,  pathological 
autochthonous  granular  pigmentation  of  a  local  chanicter  occurs  which  will  be 
more  fully  considered  in  the  following  chapter.  j\s  a  restdt  of  melanotic 
sarcoma,  a  condition  which  is  of  general  interest  is  sometimes  observed,  viz. 
iiuiamiria  or  black  urine.  Melanotic  sarcomatjt  (Fig.  297)  sometimes  spread 
in  great  numbers  over  the  whole  body.     The  urine  then  is  normal  in  colour 
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Fia.  207.— Aatoehtlionoiu  pigmentation  of  th«  e«tl«  of  * 
meliinotic  sarooma  of  the  «k  in  of  the  foot.  Th<j  piginont«ti<*o 
of  the  c<«I1b  is  UTieqwil,  Hoiiie  celltt  Tuivlng  no  pigment.  Id 
tho  Tuiildle  is  a  capiUury  with  L-onuectivc  luiaufl  advenUtia. 
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when  freshly  passed,  but  becomes  gray  or  black  in  a  few  hours  if  exposed  to 
the  air.  Obviously,  a  reduced  chemic^d  body  in  solution  is  cont^iined  iu  the 
urine  of  these  patients,  which  Ijecomes  black  on  the  access  of  oxygen.  Thia 
colourless  substance  which  becomes  pigmented  is  probably  taken  up  from  tho 
black  pigment  tumours  by  the  blood  and  excreted  by  the  kidneys.  In  any 
case,  it  explains  the  possibility  of  the  formation  of  autochthonous  pigment  from 
colom-less  substances — a  process  which  usually  goes  on  in  the  cells  und  is 
regarded  as  their  specific  function. 

Autochthonous  granular  pigment,  whether  normal  or  pathological,  occurs 
in  a  great  variety  of  cells,  in  epithelium,  in  connective  tissue,  in  muscle  fibres, 
in  ganglion  cells^  and  other  situations.  Further  investigations  are  required  to 
show  whether  pigment  and  pigment  cells  may  wander  from  one  point  t-o 
another.  Kiehl,  Ehrmann,  Aeby,  and  Kiilliker  thought  that  the  formation 
of  the  pigment  in  the  skin  and  its  appendages,  in  the  rete  Malpighi,  and  the 
hairs  was  to  be  explained  by  the  fact  that  pigment  cells,  formed  in  the  sub- 
jacent connective  tissue,  passed  into  the  skin,  and  gave  off  some  of  their  pigment 
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to  the  epithelial  cells.  This  view,  which  Karg  tried  to  support  by  experimeot, 
has,  however,  been  gradually  shftken  by  the  airefui  researches  of  G.  Schwalbe. 
It  may  still  hold  good  in  a  few  cases,  especially  for  the  transference  of 
the  pigment  of  the  pigmented  layer  into  the  iimer  layers  of  the  retina  in 
retinitis  pigmentosa. 

The  chemical  nature  of  the  granular  autochthonous  pigment  has  been 
investigated  especially  by  Nenski,  according  to  whom  the  pigiaent  is,  in  many 
cases,  free  from  iron,  contains  sulphur,  but  shows  frequent  variations  in 
solubility.  In  many  cases  sulphur  also  is  absent.  In  estimating  those  views, 
it  must  be  remembered  that  in  autochthonous  pigmented  tissues,  especially  in 
melanotic  sarcoma,  hfemorrhages  occasionally  occur  which  may  lead  to  the 
formation  of  hieinosiderin  gninules  containing  iron. 

Amoni^  th^  jAgmeniaiifms  of  the  tisiSUf's  hfj  ihr  (li^olT'ed  antochth<mms  pigm^^  (he 
ydlow  cohfuring  matter  in  the  cells  of  the  corpora  lutea  of  the  ovaries  may  he 
mentioned  as  a  physiological  example  of  yellow  pigment,  while  the  pigment  in 
the  fat  droplets  of  the  tumour  which  has  already  h^^n  discussed  {xanfhksnm), 
represents  a  pathological  occurrence. 

(3)  The  last  form  to  be  described  is  pigmentation  by  extraneous  Bubfitances. 

In  taHfmnff,  fine  granular  pigments  of  various  kinds  (cinnabar,  soot,  gun- 
powder) are  rubbed  into  small  punctures  and  incisions  in  the  skin.  Part  of 
the  colouring  matter  remains  in  the  small  cicatrices  when  the  wound  heals, 
another  part  is  carried  off  by  the  blood-stream,  and  reaches  the  nearest  lymph- 
glands,  where  it  remains  visible  for  a  long  time. 

Pigmentations  due  to  mhalntian  vf  dad  are  of  more  importance.  After 
attention  had  flrst  been  directed  to  this  question  by  English  and  French 
physicians,  among  whom  Gregory  and  Thomson  should  be  mentioned,  the 
essential  iioints  of  the  subject  were  explained  by  the  investigations  of  Traube, 
Zenker,  Leuthold,  KnautT,  Merkel,  v.  Ins,  Kuppert,  Schottclius  and  J.  Arnold. 
It  appears  that  finely  di\'ided  dust  which  passes  into  the  lungs  with  the 
breath,  is  partly  taken  up  by  them  and  partly  returned  with  the  sputum.  In 
the  sputum  there  is  thus,  in  addition  to  free  dust  particles,  a  varying  number 
of  lymphoid  and  epithelial  cells  whose  protoplasm  contains  dust  jiarticles.  In 
the  lung  tissue,  however,  a  tint  corresponding  to  the  colour  of  the  dust  makes 
its  appearance,  The  dust  particles  are  found  partly  free,  partly  enclosed  in 
the  walls  of  the  alveoli,  the  alveolar  septa  (Fig.  298),  and  in  the  interlobular, 
peri-broncliial,  and  peri-vaaculai*  connective  tissue.  The  larger  strands  of  con- 
nective tissue  in  the  lungs  usually  contain  a  very  great  quantity.  It  is  very 
rare  ttiat  so  great  a  quantity  of  dust  is  found  in  the  alveolar  septa,  as  in  Fig. 
298,  From  the  hmgs  the  dust  then  passes  with  the  lymph -.stream  into  the 
bronchial  lymph -glands,  where  it  is  almost  completely  arrested.  It  may 
liapj>en,  however,  as  was  pointed  out  by  Woigert,  that  the  lymph-glands,  which 
are  full  of  dust,  may  soften  from  some  cause  or  other,  and  rapture  into 
neighbouring  veins.  The  dust  then  enters  the  blood,  and  thus  passes  into 
other  organs,  especially  the  liver,  spleen,  and  bone -marrow.  It  appears  from 
Arnold's  researches,  however,  that  it  is  also  possible  that  the  dust  may  invade 
the  large  blood-vessels  of  the  lungs,  and  from  these  pass  into  the  circulation, 
although  only  a  small  quantity  of  dust  can  be  carried  off  in  this  way. 

Among  the  extraneous  pigmentations  which  are  formed  in  this  manner, 
the  most  comujon  is  the  pigmentation  of  the  lungs  by  inhaled  soot  and  coal 
dust,  anthratasis  pulmimalis.  Slight  degrees  of  this  are  found  in  every  cadaver ; 
in  advanced  cases  the  lung  is  perfectly  black,  over  a  greater  or  less  extent,  and 
is  frequently  very  much  altered  in  structure,  as  the  result  of  the  inhalation  of 
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dust.  In  muiiy  cases  the  lungs  are  red  from  inbalatioii  of  the  hydrated  oxide 
of  iron  or  English-red,  a  (lowder  commonly  used  as  a  polish  in  many  trades 
{dde)'Osis  ptdmonalis,  Zenker).  Many  other  coloured  varieties  of  dust  give 
corresponding  colorations  of  the  tissues,  and  these  invariably  extend  as  far  as 
the  bronchial  l>Tnph-gIands. 

ArtjifTM  is  a  special  form  of  extraneous  pigmentation.  It  appears  that, 
while  the  intestine  cannot  absorb  granular  pigments,  it  very  easily  absorbs 
many  substances  in  solution.  After  a  long  course  of  silver  taken  medicinally, 
the  silver  passes  into  tlie  lymph  and  the  blood,  probably  as  an  albuminate, 
and  is  tlien  dejwsited  in  the  organs  in  fine  black  granules.  The  skin,  especially, 
takes  on  a  dark  gray  colour,  but  the  dt^posits  of  silver  are  also  found  in  the 
internal  organs,  in  tlie  liver  cells  (Kobert),  the  kidneys,  the  arterial  walls,  the 
mucous  membranes  and  other  sitwations.     Microchemically,  the  silver  granules 
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FXU.  JML— Puliuoiuiry  ulveoH  wilh  tliJcki<ii»l  walla.  Great.  iiigmctiUtion  by  inhaled  black  pigmeut.  MXjt,  *Lj«Ii 
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can  be  easily  recognised  from  the  fact  that  they  become  in\dsible  on  the 
addition  of  cyanide  of  potash  or  concentrated  nitric  acid,  and  again  appear 
when  ammonium  sulpliide  is  gradually  added. 

General  argyria,  caused  by  absoq)tion  of  silver  from  the  intestine^  does  not* 
as  a  rule,  affect  the  epithelial  cells  of  the  organs.  It  is  to  be  distinguished 
from  the  discoloration  of  the  skin  by  silver  in  those  who  work  among  silver, 
in  whom  the  metal,  penetrating  From  with<iut,  first  blackens  the  outer  layer^ 
of  the  skin  and  causes  a  local  argyria,  as  opposed  to  general  argyria  produce.! 
by  medicines. 
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XI.  Simple  Atropiiy^  Hypoplasia,  and  Aplasia 

The  terni  atrophy,  in  the  widest  sense  of  the  word,  is  applied  to  any 
diminutioo  in  size  of  seiiarate  organs  or  the  body  as  a  whole.  This  may  l>e 
the  rosidt  of  the  degeiierutivo  processes  already  described,  degeneraiive  atrophy. 
In  other  aises,  parts  of  the  body  ni.-iy  become  reduced  in  size  without  any 
degeneration.     This  is  stmyk  atrophy  or  atrophy  in  its  more  limited  sense. 

Simple  atntphij  is  caused  either  by  a  reduction  of  the  size  or  number  of  the 
elements  of  the  tissue,  or  by  both  these  factors,  the  protoplasm  of  the  cells 
showing  no  changes  in  its  physical  structure,  as  seen  under  the  microscope.  In 
mimy  cases,  however,  the  atrophic  tissue  is  deeply  pigmented,  especiidly  in  the 
liver  and  he.'irt.  This  dark  colour  is  often  due  to  the  fact  that  the  pigment 
of  the  organ  does  not  disappear  in  the  same  proportion  as  the  other  elements. 
In  many  cases,  however,  the  atrophy  seems  to  be  associated  with  great  foima- 
tion  of  pigment,  pigmentanj  airop/uf.  This  is  observed  in  some  cases  of  atrophy 
of  the  heart  (Fig.  299).  In  the  neigh boiu-hood  of  the  muscle  nuclei,  dense 
accumulations  of  brown  pigment  granules  are  found  in  such  quantity  that  the 
muscle  appears  dark  brown,  even  to  the  naked  eye. 

Simple  atrophy  is  due  to  very  various  causes,  which  may  be  subdivided  as 
follows : — 

(u)  Sftiik  nnd  marasmic  atrophy.  Marasmus,  in  so  far  as  it  i.^  not  due  merely 
to   old  age,  but  is  a  pathological   condition,  may  be  described  as  premature 
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senility  (.ieidum  pnecox).  This  condition  ia  produced  by  many  local  and 
general  diseases,  but  eapecially  by  diseases  of  the  digestive  apparatus  and 
central  nervous  system.  In  both  senile  and  prematiu-e  marasmus  there  is  a 
simple  atrophy  of  the  organs  which  involves  all  the  structural  elements, 
although  not  in  an  equal  degree.  As  a  rule,  the  atrophy  specially  attucts  those 
strut^turai  elements  which  carry  on  the  specific  function  of  the  various  organs. 
This  fact  may  indicate  that  senile  and  miuasmic  atrophy  are  due  to  exhaustion  of 
these  tissue  elements,  induced  by  the  comparatively  large  demands  made  upon 
them  during  their  functional  activity.  This  exhaustion  of  the  tissue  elements, 
which  is  also  shown  by  the  ease  %vith  which  fatigue  may  be  prorluced,  is  physio- 
logical in  old  age,  and  occurs  prematurely  where  there  is  insufficient  supply  of 
nutriment^  in  chronic  disorders  of  the  digestion,  for  instance,  and  in  cerebral 
injuries,  wliich  perhaps  cause  vaso-motor  or  trophic  disturbances. 

In  the  liver  it  is  the  parenchyma  cells,  and  in  the  spleen  the  cells  of  the 
pulp,  which  become  most  markedly  diminished  in  senile  and  marasmic  atrophy. 
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Fia.  290.— Brown  atrophj  of  the  beart-muscle,  X480. 

The  epithelial  cells  of  the  kidneys  also,  and  of  the  glands  of  the  mucoua  membrane 
in  the  intestinal  canal,  are  greatly  reduced,  while  the  connective  tissue  stroma  of 
these  organs  shows  only  slight  diminution.  In  the  heart  the  muscle  fibres 
become  much  smaller  and  thus  reduce  the  volume  of  the  organ  (Fig.  21)9). 
Bones,  fascia?,  and  ligaments,  however,  show  considerable  diminution  in  the 
bulk  of  the  intercellular  substance»  which  ia  the  only  functional  jmrt  iu  these 
structures.  Even  in  the  supporting  tissues  of  the  body,  and  in  the  bones 
especially,  numerous  tissue  elements  completely  disappear.  Associated  with 
the  atrophy  of  the  supporting  tissues  there  is  u  dimjiiution  of  their  elasticity, 
giving  rise  to  the  wrinkled,  dry  skin  of  aged  and  marasmic  indi\iduals ; 
BimiUrly  the  elasticity  of  the  vessel  walla  is  impaired,  and  this  leads  to  those 
further  changes  which  result  in  angiosclerosis.  Atrophy  of  the  muscles  leads 
to  a  shortening  of  the  vertebral  column,  due  to  the  exaggeration  of  the 
physiological  curves,  and  the  bent  attitude  of  old  age  and  marasmus. 

(b)  Atrophy  from  disuse.  In  this  condition  the  mutu^il  relation  between 
nutrition,  function,  and  tissue  formation  which  has  already  been  described 
(see  p.  369)  is  very  well  seen.     Experience  shows  that  the  difi'erent  organs  of 


446 


ATROPHY 


the  hunnan  body  undergo  simple  atrophy  after  long -continued  disuse  or  loss 
of  function.  This  is  exceedingly  well  seen  in  the  muscles  and  supporting 
structures,  vix.  bones,  ligaments,  tendons,  ffisciae,  and  cartilages.  If  an  ex- 
tremity is  rendered  useless  by  the  gi'owth  of  a  tumoui',  or  by  the  deformity 
proiluced  by  a  kidly  united  fracture,  it  gradually  becomes  atroijlued.  During 
the  process,  muscles,  bones,  fascia?,  tendons,  and  ligaments  become  reduced  in  size 
in  almost  equal  proiwrtions,  since  their  functions  are  directly  related.  The  sjime 
thing  occuis  in  limbs  which  are  rendered  useless  by  uqtvq  lesions.  The  atrophy 
which  occurs  in  these  cases  is  a  less  simple  process,  however,  as  will  be  shown 
in  the  consideration  of  the  next  form  of  atrophy. 

{c)  Neurotic  lUn/jjht/.  It  has  already  been  suggested,  in  discussing  senile  and 
raarasraic  atrophy,  that  the  condition  of  the  central  nervous  system  is  of  great 
impoJtAnce  as  regjirds  the  nutrition  of  the  other  parts  of  the  body.  In 
cerebral  lesions,  ospecially  in  the  common  form  of  progressive  im!*alytic 
dementia,  so  advanced  a  degree  of  marasniic  atrophy  of  all  the  organs  frequently 
ilev^elops  in  a  very  short  time,  that  we  arc  forced  to  ascribe  great  influence  over 
the  nutrition  of  the  organs  to  the  central  nervous  system. 

Similarly,  after  destruction  of  the  ganglion  cells  in  the  anterior  horn  of  the 
cord,  well-markefl  atrophy  is  obser\'ed  in  the  muscles,  bones,  ligtimcnts,  tendons, 
fascise,  and  skin  of  the  extremities.  These  ganglion  cells  have  motor  and  xhso- 
motor  functions.  The  result  which  follows  their  destruction,  the  atrophy  of  the 
extremities,  is  therefore  due  to  more  than  one  cause.  The  paralysis  of  the 
muscles  of  extremities  which  sets  in,  gives  rise  to  atrophy  from  inaction.  Vaso- 
motor disturbance  is  also  present,  a-s  is  shfuvn  Ijy  the  fact,  that  the  jviralysed 
limb  cools  more  lapidly  than  the  he^dthy  one  when  the  surrounding  tenipemture 
falls.  It  is  therefore  fjuito  possible  that  tlie  vaso-motor  disturbances  impair  the 
nntrition  of  the  jKiralysed  extremity  and  also  cause  atrophy.  Lastly,  there  is 
the  further  possibility  that  the  ganglion  cells  of  the  anterior  hom  of  the  spinal 
cord  give  ofT  trophic  nerves  which  directly  influence  the  nutrition  of  the 
tissues.  The  destruction  of  the  anterior  horn  of  the  spinal  cord  might  then 
result  in  paralysis  of  the  trophic  nerves,  and  by  this  means  directly  cause  tropho- 
neurotic atrophy. 

Section  of  a  nerve,  if  there  is  no  subsequent  union  of  the  cut  ends,  and  other 
nerve  lesions  produce  simdar  eflects.  UnQatoral  facial  atrophy,  consequent  on 
disease  of  the  nerves  on  one  side  of  the  face,  is  well  known,  and  in  the  same 
way  long-continued  disease  of  the  sciatic  nerve  causes  a  high  degree  of  atrophy 
in  the  extremity  to  which  it  is  rlistributed. 

It  should  be  mentioned  that,  in  addition  to  simple  atrophy,  dogenorativo 
conditions  ifi  the  miLscles  are  often  associated  with  the  above  lesions  of  the 
central  and  peripheral  nervous  system,  and  that  the  diseased  nerve  trunks 
themselves  are,  as  a  rule,  degenerati^d. 

{d)  Prgssura  alruphy.  Any  considerable  increase  in  the  pressure  on  the 
organs  and  portions  of  organs  leatls  to  atrophy  of  their  parenchyma.  If  thei*o 
is  no  other  injurious  influence,  this  is  a  simple  atrophy.  It  is  seen  in  a  very 
typical  form  in  the  changes  in  shape  which  occur  in  the  liver,  when  the  lower 
opening  of  the  thorax  is  constricted.  When  the  waist  is  compressed  by  tight- 
lacing  in  women,  the  thorax  is  often  considerably  narrowed  and  highly 
deformed.  The  pressure  of  the  right  costiil  margin  then  produces  a  deep 
oblique  furrow  in  the  liver,  under  which  the  liver  cells  disappear.  The 
diaphragm,  also,  is  often  ihrowii  into  folds  which  produce  gi'ooves  on  the  convex 
surface  of  the  liver  (Fig.  300).  The  loss  of  liver  tissue  is,  as  a  rule,  com- 
pensated by  a  regenerative  increase   in  volume  in  other  parts  of  the  liver. 
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Pressure  atrophy,  ne\  ertheless,  is  distinctly  present.  Pressure  atrophy  is 
A^o  found  in  many  other  organs.  The  inner  Utble  of  the  skull  is  thinned 
when  there  has  been  long-continued  abnomially  high  pressure  in  the  cranial 
canty.  The  pressure  of  a  diluted  aorta  (aneurism)  sometimes  causes  aliBoqj- 
tion  of  i>arts  of  the  bones  forming  the  walls  of  the  thorax,  viz.  the  hodie.s 
of  the  vcrtebrie,  the  sternum,  and  ribs.  Indeed,  pre.ssure  atrophy  is  a  process 
which  is  frequently  associated  with  other  piithological  conditions.  Very  many 
diseases  lead  to  new  formation  of  connective  tissue  in  the  interior  of  organs, 
This  tissue  which  is  at  first  yielding  becomes  afterwards,  for  the  most  part,  tirai, 
contracting,  cicatricial  tissue  which  constricts  the  parts  of  the  organ  that 
remain,  and  causes  them  to  atrophy  to  a  greater  or  less  extent  by  the  pressure. 
During  fnetal  Hfe,  and  durino;  the  period  of  growth  after  birth,  atrophy  may 
also  appear,  h'miting  the  growth  of  the  organs,  Iti/pophma,  or  quite  arresting  it, 
aplqsui.     In  many  ciises,   the  causes  are  the  same   as   those  just   describe<l. 


Pio.  80O.— OoQstdctod  liver.    Anterior  upcct.    Half  tiAtroral  aixe. 


Certain  diseases  of  the  betus,  congenital  syphilis  especially,  can  restrict  the 
general  development  of  the  foetus.  Ab<lorainal  contents  displaccfl  into  the 
thoracic  ca\nty,  hinder  the  development  of  ccrtiiin  parts  of  the  lungs  by  their 
pressuitii ;  disturbances  of  development  in  the  centnil  nen'ous  system  give  rise 
to  impei-fect  development  in  the  antcnor  midflle  line  of  the  Iwdy  and  in  the 
(■xtrenu'ties.  In  many  cases,  however,  hypoplasia  ami  aplasia  represent  a 
distiu'bance  which  indicates  a  deficiency  in  the  genninal  area  which  cannot  at 
present  l>e  accoimted  for.  This  class  includes  congenita!  dwarf-growth,  com- 
plete or  nearly  complete  absence  of  some  organs,  and  finally,  the  prematiu*e 
cessation  of  the  growth  of  seimrate  organs  and  parts  of  the  liody,  or  of  the 
whole  body. 
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B.  Progressive  or  Formative  Metamorphoses  in  Tissues 

I.  Oeneral 

Those  progressive  tissue  changes  which  are  pathological  lead  to  an  increaso 
in  the  pro-existing  olements  of  the  tissues.  In  their  histological  relations, 
therefore,  they  sho\\'  no  essential  difterences  from  the  corresponding  physio- 
logical processes.  Speaking  generally,  pathological  progressive  tissue  change 
is  more  or  less  closely  allied  to  the  tu^ms  o/'  emln/tmk  derelopment  ami  phymJogkal 
growth.  Where,  however,  the  deviation  from  those  types  exceeds  a  certain 
limit,  a  third  type  may  be  instituted,  viz.  that  of  pathological  new  formfition. 
This  form  is  specially  seen  in  those  progressive  tissue  changes  which  Ijegin  by 
a  new  formati(»n  of  granulation  tissue.  Oranidation  tissue,  as  it  is  developed. 
in  the  floor  of  a  traumatic  loss  of  substaiiee,  presents  to  the  naked  eye  special 
features  which  difl'er  from  physiological  processes,  although  more  exact 
observation  shows  those  differences  to  bo  really  unimjwrtJtiit  and  to  have  no 
essential  significance.  The  granidation  tissue  in  wounds  is  also  developed 
from  pre-existing  tissue  elements  and  has  the  chsiracteristics  of  young  connective 
tissue.  The  histological  processes  concerned  in  its  origin  and  development  are 
the  same  as  those  always  seen  in  eniliryonic  formation  of  tissue. 

The  increase  in  the  pre-existing  constituents  of  a  tissue  is  caused,  as 
Virchow  has  shown,  cither  by  an  inercAse  in  size  of  the  individual  tissue 
elements,  trae  hypeHropky^  or  by  an  increase  in  th©  number  of  the  tissue 
elements,  false  hypertTophtjt  nwnerkul  hijperiTophij  or  hj/ptrphsiu,  or  thirdly, 
and  most  commonly,  by  a  combination  of  true  hypertrophy  and  hyperplasia. 
(The  term  psfmlo-ht/jiciiiopliy,  which  is  occasionally  met  with,  was  already 
discussed  under  lipomatosis,)  It  indicates  atrophy  of  an  organ  combinetl  vnih 
an  excessive  development  of  adipose  tissue,  so  as  to  lead  to  an  increase  in  the 
size  of  the  organ. 

True  hypertropfnj  can  only  1)e  shown  to  occur  by  accurate  niicrometric 
measurement  of  the  tissue  elements,  for  which  purpose  the  methods  used  by 
myself,  and  Ity  Goldenberg  under  my  direction,  are  well  adapted.  As  an 
example  of  this  true  hypertrophy,  we  nuiy  mention  the  increase  in  thickness 
of  the  muscle  fibres  of  the  heart,  descnbcd  by  LetuIIe,  GoWen]>erg,  and  Tangl, 
which  oeciu^  when,  from  artenal  changes  or  \'alvular  disease,  there  is  an 
increase  of  the  myocardium — that  is,  hi/pertropkff  of  the  heart'inmrU,  In  this 
case,  the  increase  in  thickness  of  the  fibres  of  the  heart-muscle  is  the  conse- 
quence of  a  hypertrophy  of  the  component  muscle  cells.  This  is,  however, 
apparently  associated  with  a  new  growth  of  muscle  cells.  (It  may  also  be 
conjectiu'cd  that  possibly  there  is  an  atrophy  of  the  most  internal  layere  of 
the  myocardium  in  those  fibres  neai'est  the  cavities  of  the  heart,  citused  by 
coincident  tblatation  of  the  veutriclea)  The  hypertrophy  of  the  heart  is 
therefore  a  true  hypertrophy,  although  one  cannot  fully  exclude  the 
occurrence,  at  the  same  time,  of  hyperplasia  or  increase  in  number  of  .some  of 
the  muscle  e^lls,  and  of  atrophy  of  a  few  isolated  ones. 

The  cause  of  this  hypertrophy  is  to  be  looked  for  in  the  increase  in  work 
done  by  the  heart,  "functional  hypertrophy."  The  pathological  condition  of 
the  vessel  walls  heightens  the  resistance  to  the  blood-stream,  or  the  disease  of 
the  valves  implies  an  injuiy  of  the  mechanical  apparatus  of  the  heart  which 
renders  useless  a  part  of  the  work  done  by  it.  When,  in  spite  of  this,  the 
circulation  is  maintained  in  comparatively  normal  fashion,  it  may  be  assumed 
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that  there  is  an  increase  in  the  working  power  of  the  heart,  and  experience 
shows  that  hypertrophy  of  the  heart  does  occui-  in  all  snch  cases,  if  the  demand 
on  the  heart-muscle  does  not  exceed  certain  limits,  and  if  the  general  nutrition 
of  the  patient  is  such  as  to  allow  of  the  development  of  a  hypertrophic 
condition.  It  may  also  he  mentioned  that  hypertrophy  is  more  eiisily 
produced  in  young  tissues.  The  hypertrophy  of  the  heart  consequent  on 
increase  in  function^  compensates,  therefore,  for  the  disturbance  caused  by  the 
diseased  vessels  and  valves.  This  result  is  expreissed  l)y  the  term  compaiisatoiy 
hyptrtrophy. 

Hypertrophy  occui's  in  like  manner  in  most  of  the  organs  when  their 
function  is  increased.  It  is  also  found  when  separate  portions  of  an  organ  die, 
or  when  one  of  a  pair  of  organs  is  either  comi)letely  or  partially  destroyed  or 
rendered  functionally  useless  by  some  pathological  process.  The  remaining 
part  of  the  tissue  then  undertakes  the  function  of  the  original  entire  organ, 
and  the  larger  amount  of  work  required  of  each  part  of  the  organ  leads  to  a 
functional  hypertrophy  which  is  also  compensatory  in  character. 

When  one  Icuiftey  lias  been  destroyed  by  pathological  changes,  or  when  it 
has  been  removed  by  operation,  either  in  man  or  in  the  lower  animals,  a  hyper- 
trophy of  the  other  kidney  develops  in  a  short  time  (Itayer) ;  the  loss  of 
renal  tissue  is  made  good.  The  compensation  and  the  hypertrophy  of  the 
other  kidney  are  most  complete  when  the  loss  of  the  first  occurs  in  early  life, 
immediately  after  or  during  fretal  growth.  Where  there  is  congenital  absence 
of  one  kidney,  the  other  is  found  in  later  life  to  he  so  markedly  enlarged  that 
it  may  be  double,  or  more  than  double,  the  normal  size  and  weight.  If  the 
left  kidney  in  a  healthy  adult  (thirty-five  years)  averages  157  gnimmea  in 
weight  and  the  right  kidney  149  grammes,  the  sum  of  the  weights  of  the 
healthy  adult  kidneys  is  306  grammes.  In  cases  of  congenital  absence  or 
rudimentary  development  of  one  kidney,  or  of  congenital  destruction  of  one 
ureter,  the  remaining  kidney  will  be  found,  at  the  end  of  the  period  of  growth, 
to  weigh  nearly  306  grammes,  sometimes  a  little  more  or  less.  If  the  loss  of 
the  kidney  occurs  after  the  growth  of  the  bo<ly  has  been  completed,  the 
compensatory  hypertrophy  of  the  other  kidney  is  imperfect.  Its  weight  may 
amount  to  170  or  190  grammes,  but  never  attains  the  combined  weight  of  two 
normal  kidneys. 

This  fact  shows  that  young  tissue  is  capable  of  a  much  more  extensive 
hypertrophy  and  hj^wrplasia  than  adult  tissue.  The  enlargement  of  the 
compensiitorily  hypertrophied  kidney  is  due  partly  to  a  true  hypertrophy  and 
partly  to  a  hyperpla.sia  of  the  glomeruli,  the  tubules  and  their  epithelial 
lining,  as  may  be  seen  from  the  histological  and  experimental  researches  of 
Kosensteiuj  Perl,  Gudden,  Beumer,  GrawitK  and  Israel,  Ribbert,  Leichtenstern, 
Bostroem,  Lorenz,  Nothnagel  and  Eekardt.  An  increase  in  the  number  of 
glomeruli,  however,  is  only  observed  in  the  compensatory  hypertrophy  of  the 
kidney  which  residts  from  congenital  defect  in  the  other. 

Compensatory  hypertrophy  and  hy]>erplasia  of  tissue  occur  in  the  same 
manner  in  other  organs  and  systems.  When  there  is  incroa.sed  tension  of  the 
arkru%  the  tunica  media  becomes  thickened,  as  I  have  already  mentioned  and 
more  particularly  described  elsewhere.  \\Tien  the  ribs  press  upon  the  liver^  as 
a  consequence  of  tightdacing,  and  thereby  cause  part  of  it  to  atrophy,  there  is 
an  enlargement  of  other  portions  of  the  organ,  dtie  to  hyperplasia  of  the  cells. 
In  many  cases  the  defomied  and  enlarged  right  lobe  of  the  liver  reaches  far 
downwards  into  the  neighbourhood  of  the  crecum.  In  absence  or  contraction 
of  one  Jung  the  other  greatly  increases  in  size  (Ratjen,  von  Recklinghausen, 
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Schucliardt).  After  extirpation  of  one  mimiTtmX  body^  the  other  enlarges 
(Stilling).  In  the  same  way  compensatory  hypertrophy  of  one  testicle,  one 
ovary,  one  mamma  is  occasionally  seen  aft^r  cirrhosis  or  extirpation  of  its 
felloAV  on  the  opposite  side.  This  has  been  shown  by  the  observations  of 
Recklinghausen,  Kona  and  others,  and  imrticularly  by  the  interesting  exj>eri- 
ments  of  Kibbert. 

It  is  not  unworthy  of  note  that  compensatory  hypertrophy  and  hyperpl 
also  occur  in  cases  where  an  increase  of  function  cannot  be  assumed  bj? 
the  remaining  organ,  as  after  unilateral  extirpation  of  the  testicle  or  ovary 
in  newly-born  animals.  Erery  cotnpensatt/rif  hypeiirophj^  therefore,  is  not  to  be 
regarded  nji  a  funciiomd  hyperirophj.  Rihbert  has  pointed  out  that  the  com- 
13ensatory  hy]>ertrophy  which  is  independent  of  increased  function,  ma.y 
possibly  depend  on  the  infiaence  of  the  ceniral  nervous  st/stem.  This  supposition 
IB  quite  justifiable,  since,  in  the  consideration  of  malformations,  we  were  able 
to  show  that  the  central  norvoLis  system  does,  as  a  matter  of  fact,  exercise  a 
detormitung  influence  on  the  development  of  the  rest  of  the  l»ody.  But  it 
must  l>e  remembered  that  the  growth  of  the  organ  is  determined  both  by  the 
organ  itself  and  by  its  relation  to  the  body  as  a  whole,  as  is  shown  by  the  results 
of  the  examination  of  the  histology  and  d^'namics  of  the  arterial  system. 
Circumstances  may  be  found  in  the  relations  of  the  whole  bo<ly  which  would 
favour  or  give  rise  to  a  compensatory  hypertrophy  apart  from  any  incre 
function. 

Most  interesting  relations  exist  between  the  various  organs  of  the  l>ody 
and  control  their  increase  in  size.  It  is  not  unusual  that  the  loss  or  injur}' 
of  one  organ  causes  compensatory  hyi>ertrophy  of  its  fellow  in  such  a  way  that 
the  distm^bance  of  the  relationship  Ixjtween  the  organs  generally  leads  to  their^ 
hypertrophy  and  hyperplasia.  The  enlargement  of  the  heart,  secondary 
renal  disease,  is  the  best  known  example,  although  its  significance  is  much 
disputed.  It  appears  that  loss  of  one  kidney,  the  arterial  system  being  healthy, 
will  also  cause  hyjiertrophy  of  all  piuts  of  the  heart,  as  has  been  demonstrate*! 
by  Grawitz  and  Israel,  and  by  Wladimiroff  under  my  supervision.  The 
experimentsd  observation  of  Rogowitsch  and  Stiedi,  that  partial  removal  of  the 
tht/raid  gland  causes  an  increased  growth  not  only  in  the  remainder  of  the 
gland,  but  also  in  the  pituitary  l>ody,  may  be  explained  in  the  same  way. 

Ef/peiphisUi  of  tissue  requires  to  Ije  more  fully  considered.  It  occurs 
WW  tissue  formathn,  or  wofJasia,  with  or  >\ithout  ininsfonnation  of  tissii^, 
metaj^tma.  New  formation  of  tissue,  necfplasui^  begins  by  a  growth  of  new 
cells,  and  these  always  originate  from  pre-existing  cells.  Virchow's  well-known 
phrase,  "Omnis  cellula  a  ceUula,"  still  holds  good.  It  has  been  tested  by  forty 
years  of  ettrnast  research.  Those  forty  years  have  considerably  increased  tt 
knowledge  of  cell  formation  through  the  labours  of  J.  Arnold,  Biilschliti 
Auerbach,  Strassburger,  Flemming,  and  Hertwig  more  especially.  Their 
important  bearing  on  pathological  processes  makes  it  desii-able  that  their 
general  features  should  be  discussed  here. 

Three  varieties  of  neoplasia  may  be  distinguished — endogenous  cell  formaiio 
cdl  diinsiofiy  and  edl  hxuldiug. 

In  rndoffenmis  atll  fmnatufn  daughter  cells  are  formed  within  the  mother  cell, 
and  become  free  through  the  disintegration  of  the  mother  cell  Such  a  pro- 
ceeding has  already  been  described  (p.  137  and  Plate  IV.,  Fig.  /)  in 
development  of  the  plasraodium  malaria*.  Endogenous  cell  formation  has  nc 
yet  been  definitely  proved  to  take  place  in  the  human  body. 

In  cdl  division  a  cell  divides  into  two  or  more  daughter  cells,  all  the  proto* ' 
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plasm  of  the  mother  cell  being  made  use  of  and  shared  among  the  daughter 
cells.  In  this  ca^e  no  remnant  cif  the  protoplasm  of  the  mother  cell  is  left,  as 
happens  in  endogenous  cell  formation. 

In  cdl  hwhiinf}  the  mother  cell  pushes  out  a  protoplasmic  process  which 
becomes  supplied  with  a  nucleus  and  then  separat-es  from  the  mother  cell. 
This  process  will  >>e  described  at  length  under  the  new  formation  of  vessels  by 
budding. 

In  all  three  forms,  a  multiplication  of  the  cell  nucleus  by  division  precedes 
the  complete  separation  of  the  daughter  cells. 

The  nurkias  consists  of  imclear  membrane,  nucleolus,  stroma,  and  nuclear 
juice.  These  component  parts  wore  first  clearly  demonstrated  in  the  nuclei  of 
ganglion  cells,  and  subsequently  in  the  nuclei  of  other  cells,  by  the  reseaiches 
of  numerous  olvservera  (Harless,  Lieberkiihn,  Stilling,  Wagener,  Hensen, 
Frommann,  J.  Arnold,  KoUmanii,  Arnstein,  S.  Mayer,  Kupffer,  Schwalbe, 
Eimer,  Klein,  and  Flonuning).  The  mideitr  memhrane  is  to  be  regarded  merely  as 
a  condensation  of  the  superficial  portion  of  the  cell  nucleus,  not  as  a  well-defined 
separable  memhrane.  If  it  l»e  assimied  that  the  cell  protoplasm  is  thickened  in 
the  same  manner  where  it  is  applied  to  the  nucleus,  the  views  of  those 
histologists  who  think  that  the  nucleus  has  a  double  membrane  can  be 
explained.  The  superficial  thickening  may,  however,  he  merely  the  physical 
phenomenon  so  constantly  seen  on  other  surfaces,  the  result  of  so-called  surface 
tension.  The  chief  part  of  the  nucleus  is  formed  by  the  nuclear  stroma  and 
nuclear  juice.  The  droma  consists  of  numerous  rounded  bodies  very  slightly 
connected  with  each  other,  which  are  stained  easily  and  deeply  by  the  ordinary 
nuclear  stains,  alum  carmine,  hiematoxylin,  basic  aniline  dyes,  methylene  bhie, 
and  others  (Fig.  302,  a).  The  undear  juke  (J,  Arnold)  is  a  homogeneous 
substance  which  occupies  the  interstices  of  the  stroma  and  is  not  stained  l)y 
nuclear  stains.  Within  the  tmcleua  there  are,  in  addition,  several  faii'ly  large, 
round,  sharply  defined  bodies  wdiich  take  on  the  nuclear  stain  like  the  nuclc<tr 
sti'oma.  These  are  the  nudf-oli.  \Xq>  are  justified,  therefore,  in  maintaining  with 
Flemming  that  there  are  at  least  two  different  substances  in  the  nucleus,  one 
which  takes  on  stains,  chromatin^  the  other  which  does  not  stain,  admwmiin. 
Chemically,  chromatin  is  distinguished  by  its  large  proportion  of  nudein,  if  it 
is  not  identical  with  it.  This  nuclein  is  composed  of  a  combination  of  albumen 
with  a  molecule  containing  phosphoric  acid  (nucleic  acid).  Microchemically, 
nuclein  is  characterised  Ity  the  fact  that  it  does  not  sivell  up  in  dilute  acetic  acid 
like  albumen,  but  shrinks  and  becomes  more  refractile. 

(The  concluftiong  u  regarda  the  atructuro  of  ccIIb  aniJ  cell  nuclei,  arrived  at  by  Altmann,  as 
the  reaalt  of  a  special  method  of  staining,  are  essentially  difTereut  from  the  above.  Cell  and 
aucleits,  according  to  biin,  are  not  tUo  "elementary  organism,"  but  coiisist  of  gramilem  or 
threads  for  which  the  term  *' elementary  organiam**  should  be  reserved.  Apparently  Altmana'a 
stains  act  ehiefly  on  the achromatin,  with  which,  accordingly,  his  "clcmeutary  organism"  is  to 
be  identified.) 

Cell  division  occurs  in  two  types,  as  dired  amitotic  nuclear  division  and  as 
indirect  or  mitotic  nuchar  division. 

(1)  Direct  or  amitotic,  midair  division  appears  to  be  a  relatively  rare 
phenomenon.  It  has  been  most  closely  traced  through  its  stages  in  the  wander- 
ing cells  of  the  frog  by  the  investigsitions  of  J.  Arnold,  but  may  be  seen 
in  the  cells  of  other  animals  and  in  man.  In  them  the  cell  and  its  nucleus 
undergo  n  tjunsverse  constriction,  during  which  no  change  in  the  cell  protoplasm 
or  cell  nucleus  can  be  demonstrated  (Fig.  301). 
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(2)  Indirect  or  mikdk  division^  ktuyokin^Ls  (Butschli,  Strassburgor,  Fleiuming, 
0.  Hertwig,  J.  Arnold),  is  characterised  by  the  fact  that,  before  division  occurs, 
the  nuclear  constituents  undergo  a  characteristic  change  in  position,  while  the 
chromatin  becomes  increased  and  more  sharply  defined.  The  karyomitotic 
or  karyokinetic  figures  which  occur  during  those  processes  show  so  many  and 
so  marked  features  that  they  can  be  easily  and  certainly  recognised,  even  in 
microscopic  sections  from  hardened  tissue.  It  is  worthy  of  mention  that  the 
whole  process  of  indirect  nuclear  and  cell  di\'ision  in  plants  and  animals  has 
been  followed  under  the  microscope,  so  that  no  question  can  exist  as  to  the 
general  significance  of  the  karyomitotic  figures,  although  further  investigation 
18  required  for  many  of  the  details.  For  pathologists  the  karyomitotic  fig\ires 
are  of  the  utmost  importance,  since  they  make  it  possilile  to  decide  definitely 
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Pio.  SQL— DlTKt  nuclear  and  cell  dlvUtoii  In  tim  watideriag  ctlls  of  the  frog  (aft^r  J.  Axnolrl^  ySOO. 

whether  cell  division  is  or  is  not  present  in  microscopic  sections.  Therefore  it 
is  necessary  to  descrilje  mitotic  nuclear  division  in  its  general  outline.  But  it 
must  here  be  mentioned  that  the  figures  of  mitotic  division  can  only  be 
demonstrated  with  certainty  if  the  specimen  has  been  very  carefully  prepared 
by  hardening  (fixing)  in  chromic  and  acetic  acids ;  chromic,  osmic,  and  acetic 
acids  J  picric  and  sulphuric  acids ;  picric  and  nitric  acids ;  platinum  chloride  ; 
alcohol  or  other  hardening  agents,  and  staining  with  hii?matoxylin,  alum 
carmine,  borax  carmine,  saffranin,  and  other  nuclear  dyes.  It  is  also  desirable 
that  the  preparation  should  bo  placed  in  the  hardening  fiuid  immediately  after 
death  or  its  removal  from  the  living  body. 

In  mitotic  changes  in  the  chromatin  substance  of  the  nucleus,  regularly 
arranged  figures  occur  in  most  cases  in  the  chromatin,  while  the  nucleus  itself 
divides  into  two  or  more  geometrically  similar  portions.     As  J.  Arnold  has 
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described  mitoses  in  which  this  regularity  of  form  is  departetl  from,  the  regular 
division  may,  according  to  his  suggestion,  be  termed  m^mniiatiim. 

The  most  common  form  of  the  segmentation  of  the  nucleus  is  into  two 
l^arts.  The  chromatin  of  the  resting  nucleus  (Fig  30'2,  «)  increases  in  quantity, 
and  after  passing  through  many  intermediate  fonns,  is  grouped  in  a  skein  of 
relatively  thick  threads  (rntMer  dein,  s^pirem),  this  skein  being  at  first  dense  and 
Buhsef|uently  more  open  (Flemming),  (Fig.  302,  b).  At  the  same  time  the  cell 
membrane  and  the  nucleoli  disappear.  Special  modes  of  preparation,  however, 
render  the  outline  of  the  nucleus  more  distinct  (Pfitzner).  The  mother  skein 
now  hreakfi  into  looped  filaments  which  congregate  at  the  future  plane  of 
division  of  the  nucleus  in  the  form  of  a  star  (aster,  monaster),  constituting  the 
equakrial  plate  of  Flemming  (Fig.  302,  f,  d).  At  the  same  time  a  new 
element,  formed  from  the  achromatin,  appeare.  A  fine  meridional  striation, 
known  as  the  nuclear  spindlef  passes  down  from  the  pole  to  the  equatorial  plate 
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Fio.  802. — Mitotic  seginenUllon  uf  tlio  iincleiui  *nd  divlHiou  of  the  cell.  Prom  ft  cuneer  of  the  breast  (after  J. 
Artiold).  r^K  Cell  with  resting  nuclras ;  b,  cell  vrith  mother  «keiii ;  c,  t^uatoriul  ijl8U>(tlip  Hnioaiit  nf  tJironi' 
atiii  U  small,  the  uucl ear  spindle  lar^e);  d,  cell  witli  equatorial  plate.  In  which  therv  is  a  large  amount  of 
ehroinatin  and  a  omaU  nucloar  spindle ;  e,  di%'ifdoi]  of  the  eqoatorial  plat« ;  /,  ff^  h^  fonnatloD  of  daughter 
stara  and  farther  stages  in  the  division  of  nucleus  and  uoll ;  (,  two  cells,  fonnod  by  the  division,  with 
daughter  siteins ;  Jr,  two  celhi,  fanned  by  the  fllvisioo,  with  resting  daughter  nuclei. 

of  the  nucleus.  The  loops  of  chromatin  constituting  the  equatorial  plate 
divide  again,  this  time  in  a  longitudinal  direction,  as  can  bo  more  acciu-ately 
observed  in  the  larger  and  more  easily  prepared  cells  of  animals  j  the  divided 
portions  pi\s8  towards  the  two  poles  of  the  nucleus,  and  there  constitute  the  two 
tfamfhier  stars  (Fig.  302,  /,  g^  A).  The  achromatic  nuclear  spindle  can  be  tracetl 
in  a  slightly  altered  form,  as  fine  threads  of  achromatin  between  the  daughter 
stars. 

The  (laughter  vwltd  are  developed  from  the  daughter  stars,  while  the  stages 
of  mitosis  already  described  are  gone  thiough  in  reversed  order.  The  daughter 
stars  change  into  daughter  skeins,  at  first  open,  then  more  compact  (Fig.  302,  ?), 
while  the  achromatic  spindle  becomes  dirided  in  the  middle.  From  the 
daughter  skeins  are  developed,  finally,  resting  daughter  nuclei  with  daughter 
nucleoli  (Fig.  302,  k).  The  diirision  of  the  cell  protoplasm  may  occur  either 
before  or  after  the  division  of  the  nucleus. 
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Tlie  mother  cell  has  therefore  become  two  daughter  cells,  which  may  in  turn 
divide  after  a  period  of  rest 

Some  other  stnictoral  elements  which  are  of  great  interest  may  be  seen  in 
the  generative  cells  of  the  testicle  and  ovary  (Strassburger,  E  v.  Benoden,] 
Boveri),  and   also   in   many   epilhelial  and  lymphoid  cells  (Rabl,  Flemmin^] 
Haiiaemann).     Near   the    nucleus   lies    the   very    much  smaller  /w?ar  IkA^  orj 
centrosonie^  termed  the  attraction  sphere,  to  which  fine  filires  of  the  iirotopl 
converge.    Before  mitotic  division  begins,  the  polar  botly  divides^  and  its  halveil 
take  up  their  position  at  those  points  which  afterwards  become  the  poles  of  the 
karyomitotic  figures  (Fig.  303).     Subsequently  the  threads  of  the  achromatic 
spindle  also  converge  to  these  polar  bo<lies. 

When  the  cell  and  nucleus  divide  into  more  than  two  portions,  the  mitotiftj 
processes  are  exactly  similar,  as  was  shown  by  J.  Arnold.     Skein  and  star^] 
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equatorial  plate  and  achromatic  spindle,  occur  in  forms  which  can  be  most  easily 
understood  by  reference  to  Fig.  304.  These  still  carry  out  the  idea  of 
Begmentation  in  so  far  that  the  geometric  regularity  of  the  forms  is  preserved 
and  the  divisions  show  geometric  similarity.  This  similarity  is  not  completely 
absent  even  in  those  asymmetric  forms  which  are  occasionally  developed 
(Hansemann).  These  may  be  of  great  importance  under  certain  circumstances;, 
if  two  intrinsically  different  daughter  cells  are  produced.  This  is  a  point 
which  will  afterwards  be  referred  to  in  discussing  the  formation  of  tumours. 

(3)  In  fratpneiitaiim  of  the  nu/^Jats  (J.  iVniold)  the  simple  geometric  formation 
of  the  mitotic  figm-es  is  altogether  absent.  The  whole  *'  habitus "  is  different 
(Fig.  305),  but  direct  and  indirect  fragmentation  can  still  be  differentiated.  In 
direct  fragmentation  the  nucleus  splits  into  numerous  subdivisions  without  any 
preliminary  increase  or  rearrangement  of  its  chromatin  (Fig.  305,  ti,  &,  c).  hi 
indirect  fragmentation  there  is,  on  the  other  hand,  an  increase  of  the  chromatin, 
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which  assumes  an  irregular  formation.  It  may  be  like  a  horse-shoej  or  ragged, 
or  in  the  shape  of  a  ring,  a  network  or  basket  (Fig  305,  d-g).  Between  the 
lobes  and  processes  of  the  chromatic  figure  are  seen  fine  striated  achromatic 
connecting  lines.  During  this  process,  in  consequence  of  the  irregular  di\iaion  of 
the  chromatin  figures  and  the  transformation  of  the  several  ptirts  into  resting  cell 
nuclei,  large  cells  with  many  nuclei^  ^tmi  cells,  are  occasionally  formed.  An 
endogenous  cell  formation  appears,  in  other  cases,  t-o  be  combined  with  this 
peculiar  nuclear  division.  It  is  as  yet  impossible,  unfortunately,  to  follow  this 
nuclear  fragmentation  directly  in  li\4ng  tissue  under  the  microscope ;  but  it 
may  be  stated  in  favour  of  the  above  explanation  of  nuclear  fragmentation 
that  it  mainly  occurs  in  the  cells  of  actively  growing  tissue,  in  hyperplastic 
bone  medulla,  in  proliferating  lymph-glands  and  spleen  tissue^  and  in  rapidly 
growing  tumours, 

(4)  There  is,  lastly,  a  particular  form  of  cell  division  to  be  described  which 
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Fig.  ao>5.— FngTuentatlon  of  the  cell  nuckna  in  tke  bon^-umrrow  of  a  rabbit,    u,  &, '',  Direct  fhigiuentatlon ; 
t^i  Ct/<  9y  ladLrectflmginentatiDn.    xim. 

greatly  differs  from  the  foregoing  varieties,  in  that  one  portion  of  the  divided 
cell  is  completely  devoid  of  any  part  of  the  nucleus.  This  discovery  was  first 
made  by  Lavdowsky.  I  am  in  a  position  to  confirm  this,  on  the  strength  of 
experiments  made  prior  to  Lavdowsky's  communications.  I  placed  under  the 
microscope  some  white  blood  corpuscles  from  a  frog,  in  aqueous  humour  taken 
from  the  same  animal,  warmed  them  to  20-32''  C,  and  stimulated  repeatedly 
with  the  induced  electric  ciurent.  By  this  means  I  observed,  in  difierent 
experiments,  the  process  of  division  represented  in  Fig.  .30G.  This  shows 
separation  of  a  portion  of  the  cell  protoplasm  from  cells  which  went  through 
active  amoeboid  movements  on  the  cover-glass.  Lavdowsky  calls  this  *'tv/l 
dhiskm  hij  force  "  {gevxdtsame  Zdltheiitmg),  antl  suggests  that  two  portions  of 
the  cell  move  in  different  directions  by  means  of  their  amoeboid  power  and 
thus  tear  the  protoplasm  apart.  This  is  a  very  plausible  description  of  the 
process  ;  but  it  seemed  to  me  that  the  process  was  rather  a  disintegration  of  the 
cell. 
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After  this  brief  general  statement  of  the  theory  of  cell  farmation^  the 
question  of  new  formation  of  tissue  is,  in  its  genei-al  outline,  easily  solved.  It 
invariably  liegins  by  formation  of  new  cells.  The  newly-formed  cells  supply 
the  cement  or  intercellular  substance  which,  together  with  the  cells,  constitutes 
the  tissue.  The  pf^rticiilars  of  these  proceasea,  however,  demand  a  si^ecial 
description,  which  will  be  given  later ;  but  before  so  doing,  mention  must  be 
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made  of  a  process,  metaplasia,  which  is  intimately  connected  with  new  formation 
of  tissue. 

Mdapla^  is  the  term  a]>plied  to  the  transformation  of  the  cells  and  inter- 
cellular substiince  of  a  tissue,  by  rae^ins  of  which  it  takes  on  the  characteristics 
of  some  other  tissue.  When  cartilage  cells  assume  the  appearance  of  bone 
cells,  while,  at  the  same  time,  the  intercellular  substance  of  the  cartilage 
acquires  the  atnictiire  of  bono  through  the  deposition  of  lime-salts,  there  is  m 
metaplasia  of  cartilaginous  into  osseous  tissue. 

Metaplasia  does  not  involve  any  increase  in  the  pre-existing  constituents 
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of  the  tissue.  At  the  same  time,  metaplasia  has  an  important  bearing  on 
progressive  tissue  changes,  since,  in  many  aises,  new  tissue  is  formed  in  such  a 
way  that  a  temporary  neoplastic  formation  first  occurs,  which  reaches  its  final 
phase  by  means  of  metaplasia. 

Experience  shows  tltat  the  connective  tissue  group,  connective  tissue,  adipose 
and  myxomatous  (mucoid)  tissue,  cartilage  and  hone,  can  be  transformed  into 
one  another  by  means  of  metaplasia,  A  similar  metaplasia  is  seen  between  the 
different  forms  of  epithelial  tissue.  On  the  other  hand,  after  the  teiTuination 
of  embryonic  growth,  the  difference  between  epithelial  and  non-epithelial  tissue 
is  so  firmly  fixed  that,  as  a  rule,  no  metaplasia  takes  place  between  thera. 
Isolated  cases  which  may  possibly  form  an  exception  to  this  rule  will  be  after- 
wards considered  in  describing  tumours.  These  are  tumours  in  organs  which 
are  developed  at  a  comjjaratively  late  period  of  embryonic  existence,  some  of 
which  present,  in  addition,  certiiin  developmental  peculiarities.  In  other  more 
highly  formed  tissues,  such  as  muscle,  nerve,  neuroglia,  there  is  no  metaplasia. 
The  details  of  the  various  metaplastic  processes  will  be  considered  under  the 
description  of  the  individiuil  tissues. 

The  general  canditims  nece.isary  for  the  occurrence  of  neoplaslic  and  metapIasHe 
development  of  tissue  are  easily  observed.  It  has  already  been  pointed  out  that  a 
considerable  proportion  of  the  growth  of  organs  when  their  function  is  increasedf 
as  well  as  many  amipmisnifny  hypftira^phieSj  is  tlue  to  hyperplastic  growth  of  the 
tissue.  This  occurs  by  a  neoplasia,  which  may  or  may  not  be  accompanied  by 
metaplasia.  Changes  of  function,  on  the  other  hand,  lead  to  a  metaplasia,  in 
which  neoplasia  takes  a  very  subordinate  part.  After  long-standing  fixation  of 
a  joint  by  firm  adhesions,  cicatrisation  of  the  soft  parts,  or  some  other  process, 
the  cartikgc  of  the  joint  is  gradually  transformed  into  mucoid  or  connective 
tissue,  causing  union  of  the  opposed  surface  of  the  joint  (nhlilertitiim  of  the  joijii). 
In  this  case,  however,  the  mucoid  and  the  connective  tissue,  which  arise  princi- 
pally by  a  process  of  metaplasia,  in  the  first  instance,  become  furnished  vnth. 
blood-Teasels,  developed  from  the  surrounding  parts  by  neoplasia.  These  vessels 
aid  in  forming  the  foreign  tissue  between  the  surfaces  of  the  joint  by  producing 
mticoid  and  connective  tissue  from  their  adventitia.  Theso  processes  are,  as  a 
rule,  regarded  as  the  residt  of  the  inactivity  of  the  joint ;  more  correctly  stated, 
they  are  due  to  a  change  in  function  of  the  tissue  lying  between  the  joint 
surfaces.     True  inactivity  woidd  Iwid  to  atrophy. 

Cartilage,  occurring  normally  within  a  joint,  owes  its  existence,  as  does  the 
joint  cavity  itself,  to  the  movements  which  take  place  in  the  neighbourhood  of 
the  joint.  Immobility  of  the  joint  does  away  with  the  conditions  which 
necessitated  joint  and  cartilage,  and  a  new  tissue  develops  whose  function  is  to 
liind  the  joint  surfaces  closely  together.  The  same  results  arc  observed  in 
limitation  of  the  movements  of  a  joint,  Isolated  portions  of  the  articular 
surfaces  of  the  joint,  being  no  longer  submitted  to  the  pressure  of  a  super- 
imposed articulai*  surface  during  movement,  are  tmnsformed  into  vascular  con- 
nective tissue  which  acts  as  periosteum  to  the  bone  beneath.  At  the  same 
time,  the  articular  movement,  although  limited,  prevents  the  occurrence  of 
obliteration  of  the  joint,  or  of  adhesion  of  the  opposed  articular  surface. 

In  many  instazices  hypeiplasia  presents  the  character  of  a  refjeneratim  grmdh 
replacing  portions  of  tissue  which  have  been  lost  The  regeneration  which 
occui's  after  external  injiu-y  is  the  best  known.  Traumatic  loss  of  skin  is 
replaced  by  eica.tricial  tissue,  covered  by  epithelium.  After  a  time  the  cicatrix 
takes  on  more  or  less  completely  the  characteristics  of  normal  skin.  When 
pathological  processes  destroy  the  structure  of  an  organ,  a  similar  change  takes 
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place.  In  cicatricial  contraction  (cirrhosis)  of  the  liver  ami  the  kidney,  and  in 
fatty  degeneration  of  these  organs,  a  large  number  of  secreting  cells  are 
destroyed.  After  the  exciting  cause  has  been  removed,  and  sometimes  even 
during  the  progress  of  the  lesion,  regeneration  of  the  liver  or  kidney  cells  from 
the  surviving  cells  takes  place  to  a  greater  or  less  extent. 

This  regeneration  takes  place  \\Hlthin  the  area  of  destniction,  and  may  extend 
beyond  it.  In  many  cases  the  explanation  of  this  is  that  the  remainder  of  the 
organ  assumes  the  function  of  the  entire  organ ;  and  it  is  this  increase  of 
function  which  leads  to  functional  h>T)erplasia  and  hypertrophy.  This  ex- 
planation^ however,  is  often  far  from  satisfactory.  It  does  not  explain,  for 
instance,  why,  in  many  cases,  the  regeneration  Uecomes  excessive  and  goes  on 
to  the  formation  of  glandular  tumours,  such  as  adenomata  of  the  liver  and 
kidneys.  Besides  this,  it  is  proved  by  experience  that  among  the  lower  animals, 
at  leasts  large  parts  of  the  body,  such  iis  the  extremities,  the  ttiil,  etc.,  are 
replaced  under  circumstances  which  preclude  any  increase  of  function  in  the 
margins  of  the  part  which  remains. 

Regeneration  of  portions  of  tissue  which  have  been  destroyed  or  removed 
is  a  peculiar  process  due  to  special  properties  of  animal  and  human  tissue  which 
cannot  at  present  be  explained.  As  contrasted  with  the  lower  animals,  the 
power  of  regeneration  in  the  himian  being  is  limited,  and  the  limitation  is  more 
marked  in  many  of  the  more  highly  specialised  tissues.  In  man  entire  organs 
or  extremities  which  have  been  lost  cannot  be  replaced.  The  lo.ss  of  a  single 
finger  or  too  is  final.  After  destruction  of  small  areas  of  supporling  tissue, 
such  as  skin,  fascise,  tendon,  or  bone,  however,  regeneration  is  very  complete^ 
The  remarkable  experiments  of  Ponfick  have  shown  that,  in  the  liver,  a  xcry 
extensive,  indeed,  almost  complete  replacement  occurred  after  half  or  even  three- 
quarters  of  the  organ  had  been  removed  by  operation.  The  regenerative 
processes  in  the  circtilatory  system  are  equally  complete,  as  has  been  stated 
under  disturbmces  of  circulation.  Peripheral  nerves  are  also,  as  a  rule, 
completely  regenerated  after  section,  while  the  nervous  elements  of  the  central 
nervous  system  manifest  no  appearance  of  regeneration  whatever- 
It  will  be  seen  from  this  that  there  are  great  differences  in  the  behaviour 
of  the  several  tissues,  as  might  be  shown  by  further  examples.  The  general 
rule,  however,  is  that  a  lusue  is  reffemratcd  onlt/  fnnn  tissues  of  th€  same  kirtd. 
Epithelium  can  be  reproduced  only  from  epithelial  tissue,  connective  tissue  only 
from  connective  tissue  and  the  connective  tissue  constituents  of  the  vessels, 
muscular  tissue  from  muscular  tissue,  nerve  tissue  from  nerve  tissue.  The  con- 
nective tissue  cicatrix  is  not  capable  of  originating  epithelium,  muscles,  nerves, 
and  glands,  as  was  formerly  generally  believed.  In  order  that  complete  regenera- 
tion may  occiu",  it  is  necessary  that  some  portions  of  the  organ  to  be  regenerated 
should  remain,  and,  especiall}^,  such  cells  as  perform  the  specific  function  of  the 
organ.  Failing  this,  the  defect  is  either  filled  up  by  new-formed  connective 
tissue  in  the  form  of  a  scar,  or  remains  permanent,  as  is  observed  in  destniction 
of  a  portion  of  the  central  nervous  system.  In  this  connection  the  consequences 
of  embolic  occlusion  of  the  smaller  cerebral  arteries  may  be  instanced,  where 
white  softening  of  the  brain  is  caused,  and,  finally,  a  cavity,  filled  with  turbid 
fluid,  is  left  behind  (see  p.  309). 

Other  conditions  which  influence  the  process  of  regeneration  maybe  learned 
from  the  experiments  of  tmnsphinUUMi  of  detached  j>!irts  of  the  body.     These 
experiments  have  been  carried  out  by  sturgeons  and  by  pathologists  since  the 
earliest  periods  in  ancient  medicine,  but  only  the  more  modern  ones  are  ol_ 
great  interest  here. 
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When  a  portion  of  tissue  is  divided  from  its  surroundings,  and  it  is  desired 
that  it  should  unite  with  another  jjiirt,  it  is  necessary,  as  a  rule,  that  the  apposed 
surfaces  of  the  transplanted  portion  and  the  new  site  should  not  be  eovered 
with  epithelium.  An  effort  is  therefore  made  to  unite  wound  surface  with 
wound  surface,  or  a  wound  surface  with  young  cicatricial  or  granulation  fcissuG 
as  yet  uncovered  by  epithelium,  or  lastly,  with  the  surface  of  a  serous  mem- 
brane.^ With  these  precautions  there  is  Bome  prospect  of  union  of  the 
transplanted  pieces,  although  it  must  be  said  that  this  prospect  is  more  or  less 
uncertain,  according  to  the  peculiar  circiunstances  of  each  case.  The  transferred 
portion  may  either  be  inserted  into  the  new  site,  so  that  it  is  surrotinded  on 
all  sides,  imfkmkiihn^  or  it  may  be  placed  merely  on  the  surface  of  the  new 
site,  tramplanlaii07if  in  its  more  limited  sense.  In  the  latter  case,  it  is  very 
desirable  that  the  free  external  surface  of  the  transplanted  portion  should  be 
covered  by  epitheUum. 

If  these  preliminaries  are  attended  to,  the  conditions  which  favour  or 
hinder  the  growth  of  the  transplanted  tissue  are  to  be  sought  partly  in  the 
condition  of  the  transplanted  portion,  partly  in  the  condition  of  the  tissue  on 
which  it  is  grafted. 

Union  is  made  very  much  easier,  or  with  aseptic  methods,  almost  certain,  if 
the  transplanted  portion  is  not  fully  separated  from  its  original  site,  but  is  left  in 
connection  with  it  by  a  bridge  furnished  with  large  vessels  and  nerves.  If  we 
depart  from  this  method  of  operation,  which  is  usually  employed  for  the  forma- 
tion of  an  artificial  nose,  and  completely  separate  the  transplanted  portion  from 
its  original  site,  experience  shows  that  union  with  the  new  site  succeeds  in 
proportion  to — 

(1)  The  youth  of  the  transplanted  tissue  (Duhamel,  Hunter,  P.  Bert,  Zahn). 

(2)  The  extent  of  the  apposed  surfaces  of  the  transplanted  tissue  and  the 
new  site  in  relation  to  the  size  of  the  transplanted  portion. 

{3}  The  small  size  of  the  transplanted  tissue. 

In  Reverdin's  method  of  skin-grafting,  the  pieces  of  skin  transplanted  are 
very  small.  The  object  of  this  method  is  to  cover  large  granulating  wound 
siurfaccs  with  stratified  epithelium.  With  this  aim  small  flat  portions  of 
healthy  living  skin,  consisting  of  epidermis,  rete  Malpighi,  and  j>apillary  layer 
of  the  corium,  are  removed  with  either  scissors  or  knife.  They  are  laid  on 
the  granulating  wound,  where  they  readily  take  root  and  then  form  centres 
for  the  further  grovrth  of  an  epithelial  covering.  Almost  the  siime  result — 
that  is,  the  generating  of  growing  islets  of  epithelium  on  large  granulating 
surfaces — is  attained  when  very  small  pieces,  even  single  cells  only,  are  trans- 
ferred. Under  some  circumstiinces  it  is  sufficient  to  place  plucked-out  hairs, 
together  with  their  root-sheaths,  on  the  wound  (Schweninger),  Another  method 
is  to  produce  a  vesicle  on  previously  healthy  skin  by  menus  of  a  blistering 
fluid.  These  vesicles  produce  collections  of  fluid  exudation  in  the  lower  layers 
of  the  skin,  and  always  contain  a  considerable  number  of  large  cells  from  the 
rete  Malpighi,  isolated  and  freed  from  their  connections.  If  the  fluid  of  the 
blister,  wiih  the  cells  it  contains,  is  brought  in  contact  with  a  gi-anulating  wound 
surface^  the  little  epithelial  cells  take  root  and  become  the  starting-points  for 


^  It  is  customary  at  present  to  describe  the  layer  of  celli  winch  covers  a  serous  membrane  luid 
the  inner  liuijig  of  the  vessels  an  epithelial.  This  custora,  which  is  perfectly  jiistifietl  from  the 
moqihological  point  of  view,  will  not  he  adhered  to  here,  suice  in  many  pathological  pix>cesses  endO' 
tbeliurii  behaves  (juite  differently  from  epithelium  ia  the  more  Umited  sense.  Tliis  also  applies  in 
the  present  instance.  The  eudotht'liuni  of  a  serous  niemhraue  does  not  act  like  a  protecting 
epithelium  as  far  an  regards  transplantation. 
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epithelial  gi-owth  (Macleod,  Woodman).  In  practice  Ecverdin's  skin-grafting 
appears  to  yield  more  favouraLle  and  certain  results. 

Tbe  fact,  ascertained  from  all  these  experiments,  that  j^oimg  tissue  unites 
most  easily  after  transplantiition,  is  of  particular  interest.  It  is  explained  most 
simply  by  assuming  that  yming  cdU  jtossess  a  ^rmifr  p<ywtr  of  proliferatimj. 

With  reference  to  the  new  Bite,  Duhame!  and  Hunter  have  noted  that  ita 
Wood-supply  is  of  immense  importance.  27te  more  tuf^cular  tk^  new  ^'i7<^  the  more 
easih/  itiU  Ihf  nnum  of  ilie  iransplanted  jmrts  he  c/miplded.  Hunter  succeed^  in 
transplanting  the  cock's  spur,  which  is  most  difKcidt  to  unite,  and  even  teeth 
on  to  the  highly  vascular  cock*s  comb.  The  nisrnlaritij  of  Die  sUe  of  imjphmtalion  i.% 
next  in  iiuporUmcr  to  the  i/>nilh  of  the  iraiisj:>lank'f.  tvatue. 

The  subsequent  fate  of  the  transplanted  part  deserves  further  notice.  It 
appears  that  3'oung  transplanted  tissues  are  capable  of  continuctl  growth  (Zahn), 
e.g.  transplanted  periosteum  can  go  on  to  form  bone  (Oilier,  Heine).  This 
growth,  however,  is  strictly  limited.  After  a  time  transplanted  pieces  of  tissue 
which  have  become  thoroughly  united,  undergo  atrophy  as  the  result  of  loss  of 
function.  The  artificial  nose,  obtained  from  a  successful  plastic  operation, 
becomes  shrunken  and  small,  the  bones  which  have  developed  from  the  trans- 
ferred periosteimi  disappear, 

A  knowledge  of  the  causes  of  now  tissue  formation  cannot^  therefore,  be 
gained  from  transplantation  experiments,  but  certain  conditions  which  are  neces- 
sary for  progressive  tissue  metamorphosis  can  be  learned  from  them.  These 
are,  firstly,  a  certain  frnvcr  (f  jiroUf^mtion  of  the  iumc  (shown  by  experience  to 
be  greater  in  early  life,  but  not  completely  absent  in  later  years),  and  secondly, 
a  jtlcntiful  hhxtd-suppbj^  It  seems  also  that  the  period  during  which  newly- 
formed  tissue  can  continue  to  exist  is  dependent,  to  a  certain  extent,  upon  ita 
fundiojuil  actiiily.  As  long  as  the  tissue  at  the  site  of  operation  continues 
hyperajmic,  the  consequences  of  loss  of  function  are  little  marked.  They 
are  seen  distinctly,  however,  in  the  contraction  and  atrophy  of  the  trans- 
planted part  which  occur  in  proportion  as  the  liypera^mia  at  the  site  of  opera- 
tion gradually  passes  off. 

The  dependence  of  pro(^rcmve  mdavu/rphods  of  tissne  upon  the  ht/per(rmir  con- 
dition of  tlie  vessels  is  seen  most  strikingly  in  elephantiasis  nostras.  The  term 
elephantiasis  is  due  to  tbe  resemblance  between  a  huge  shapeless  leg  and  that 
of  an  elephant,  where  the  massive  soft  parts  entirely  conceal  the  outlines  of  the 
underlying  structures.  The  tei-m  is  also  used^  however,  for  a  similar  increase  in 
bulk  in  other  parts  of  the  body.  Elephantiasis  nostras  occurs  as  an  excessire 
liyperphisia  and  hypertrophy  of  the  skin,  the  subcutan<?ous  and  intermuscular 
tissue,  proiiucod  by  long-continued  general  venous  congestion.  In  such  cases 
there  is  a  specially  marked  increa.se  in  bulk  in  the  lower  extremities,  the  scrotum, 
and  the  labia  pudendi.  Those  are  the  regions  of  the  body  which  suffer  soonest 
and  to  the  greatest  extent,  as  a  rule,  in  general  venous  congestion,  for  the 
reason  that,  before  the  venoms  blood  of  this  portion  of  the  body  can  reach  the 
heart,  it  must  pass  through  the  inferior  vena  cava,  which  is  subjected  to  high 
pressure  witliin  the  abdominal  cavity. 

Experience  shows  us,  however,  that  there  are  a  lai'ge  number  of  hyper- 
plasias whore  there  is  either  little  or  no  hypem^mia.  In  many  cases,  too,  tbe 
hypera?mia  connected  with  the  hypeqjlasia  may  be  a  secondary  phenomenon. 
When  we  analyse  the  processes  in  the  development  of  the  vascular  system  of 
the  chick,  we  are  led  to  the  conclusion  that  tbe  tissues  have  the  power  of  regulat- 
ing the  amount  of  blood  supplied  to  them.  It  is  but  a  short  step  from  this  to 
assume  that  growing  tissues  increase  the  amount  of  blood  Howing  in  th«xi 
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capillaries.  The  cause,  therefore,  for  the  growth  of  tissue  must  be  sought 
elsewhere.  ♦ 

In  the  description  of  injuries,  intoxications,  and  infections,  it  has  already 
been  suggested  that  iraumaticj  toxic,  and  infedive  influences  may  possibly  Jiave  the 
power  of  directly  exciting  the  cells  and  tissues  to  hyperplasia  and  hypertrophy.  This 
has  been  termed  formative  and  nutritive  stimulus  by  Virchow,  who  regarded  it 
as  a  result  of  the  formative  and  nutritive  excitability  of  the  cells.  There  is  no 
doubt  that  many  of  the  observations  brought  forward  as  proof  of  this  excita- 
bility of  the  cells  do  not  prove  anything.  They  refer  to  the  destruction  of 
distinct  portions  of  tissue  by  injury,  caustics  or  microbes,  so  that  the  resulting 
new  tissue  formation  may,  as  Weigert  demonstrated,  be  included  under  re- 
generation, since  we  are  justified  in  regarding  it,  not  as  the  consequence  of  the 
stimulus  given  by  injury,  poison  or  infection,  but  as  the  consequence  of  the 
resulting  loss  of  tissue.  The  beginning  of  a  scientific  demonstration  of  this 
formative  excitability  of  the  cells  is  to  be  found  in  the  work  of  Wegner  on  the 
influence  of  phosphorus  on  the  growth  of  bone,  in  the  researches  of  Baumgarten 
on  the  histogenesis  of  miliary  tubercle,  and  in  Zeigler's  and  Obolonsky's  work 
on  the  action  of  arsenic  and  phosphorus  on  the  liver  and  the  kidneys.  These 
researches  have  shown  it  to  be  possible  that  chemical  and  infectious  influences 
may  directly  stimulate  the  cells  to  proliferate. 

Very  many  new  tissue  formations  are,  nevertheless,  independent  of  such 
external  causes.  Internal  causes  for  tissue  proliferation  have  also  been  looked 
for.  The  most  important  of  these  is,  firstly,  the  excessive  nutrition  produced 
by  hypersemia^  which  has  already  been  mentioned,  and  secondly,  increased 
activity  leading  to  functional  hypertrophy.  In  other  cases,  what  happens 
during  regeneration  after  destruction  of  tissue  shows  that  the  diflerent  tissues 
mutually  limit  each  other's  growth.  Each  tissue  constitutes  a  hindrance  to 
growth  in  its  neighbourhood  by  limiting  the  power  of  proliferation  in  the  other 
tissues  near  it.  From  this  view  it  follows  that  disease  of  a  tissue,  even  when 
it  does  not  lead  to  local  death  or  degeneration,  modifies  in  many  cases  this 
limitation  of  growth  in  the  neighbourhood.  The  removal  of  the  hindrance  to 
growth  is  therefore  a  cause  of  new  tissue  formation.  It  is  a  somewhat  modified 
expression  for  the  "boundary  struggle"  of  the  tissue,  which  is  described  by 
Thiersch  and  Boll,  according  to  whom  each  tissue  continues  to  grow  up  to  the 
point  at  which  its  increase  of  growth  is  hindered  by  the  limiting  action  of  the 
neighboui-ing  tissues. 

This  doctrine  is  certainly  fallacious,  since  it  overlooks  the  fact  that  the 
causes  which  govern  the  development  and  completion  of  the  growth  of  a  tissue 
or  organ  are  rather  to  be  found  in  the  tissue  or  organ  itself,  or  in  its  relations 
to  the  entire  organism,  and  not  in  neighbouring  tissues  or  organs.  This  fact, 
however,  does  not  prevent  us  from  acknowledging  that  neighbouring  tissues 
and  organs  exert  certain  local  influences  on  each  other.  If  the  ribs  press  upon 
the  liver,  the  shape  of  the  liver  is  altered  to  correspond  to  its  new  relations,  so 
that  atrophy  occurs  in  the  area  of  pressure  and  compensatory  h3rpertrophy  in 
other  places. 

It  is  exactly  in  such  processes,  at  the  same  time,  that  the  great  independ- 
ence of  the  liver  tissue  is  shown.  In  spite  of  the  encroachment  of  the  ribs, 
the  same  amount  of  liver  substance  is  formed  which  is  prescribed  by  the  special 
laws  under  which  this  organ  stands,  and  this  tissue  is  perfectly  normal  in 
structure  and  function,  although  it  is  developed  in  an  abnormal  situation  because 
of  the  alteration  in  the  relations  of  the  parts. 

The   ultimate  causes  which  determine  the  growth  and  decrease  of  the 
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tissues  and  organs  are,  at  present,  beyond  the  reach  of  scientific  investigation. 
We  are  able,  however,  to  examine  experimentally  the  mechanical  conditions 
which  govern  the  formation,  the  giowth,  and  the  disappearance  of  organs.  The 
conclusions  thus  reached  make  it  appear  that  the  growth  of  tissue,  whether 
positive  or  negative,  progressive  or  retrogressive,  is  dependent  upon  mechanical 
processes  in  the  human  body.  Thus  we  arrive  at  the  doctrine  of  the  histo- 
mechanism  of  the  body.  Long  years  of  research  have  enabled  me  to  formulate 
four  laws  or  principles  which  explain  the  development  of  the  vascular  system 
in  its  most  importiint  points  (see  p,  264).  These  laws  are  not  the  expression 
of  my  personal  opinion,  but  are  conclusions  founded  upon  purely  inductive 
grounds,  and  whicii  may  therefore  be  tested,  extended,  and  made  more  com- 
plete by  further  observations.  Above  all  things,  however,  they  are  purely 
empirical,  and  at  present  lay  not  the  slightest  claim  to  finding  the  final  c-ause  of 
life.  In  my  opinion,  however,  it  is  already  a  step  in  advance  when,  for 
example^  the  law  can  be  demonstrated  that  tin  increase  in  the  rate  of  How  of 
blood  in  a  section  of  a  vessel  has,  as  a  consequence,  a  gi-eater  increase  in  the 
surface  of  the  vessel  wall.  The  reason  why  the  acceleration  of  the  blood- 
stream should  excite  the  growth  of  the  vessel  wall  is  not  yet  understocKl,  how- 
ever. This  and  the  other  histo-mechanical  laws  are  at  present  in  the  same 
category  as  the  laws  of  gravity.  We  know  that  the  sun  and  earth  attract  each 
other,  but  the  reason  for  such  attraction  is  unknown  to  us. 

Notwithstanding  this,  there  can  be  no  doubt  that  the  progress  of  knowledge 
in  biology,  with  which  1  include  pathology,  may  be  aided  in  a  reliable  manner 
by  such  empirical  histo-mechanical  laws.  The  general  law,  obtained  from 
hiato-mechanical  researcli  on  tlie  subject  of  pathological  progressive  metamor- 
phosis of  tissue,  is  that  didurlKim:^.  of  the  jmrhmiml  proce^'ises  in  /k>i//;.<!  is  the  cause 
both  of  fjrowih  ami  0/  atiaphij  of  tissue.  The  doctrine  of  functional  hyi>ertrophy, 
and  atrophy  from  loss  of  function  comes  under  this  law.  It  extends  beyond 
these  special  cases,  however,  since  it  brings  tissue  growth  and  atrophy  chietty 
into  dependence  upon  mechanical  processes,  and  thus  paves  the  way  for  the 
knowledge  of  the  development  and  structure  of  organs. 

This  and  other  histo-mechanical  laws  will  be  much  more  fully  discussed 
under  the  special  consideration  of  disease  of  the  blood-vessels.  Here  it  will 
only  be  pointed  out  that  the  causes  of  new  fommtion  of  tissue  are  to  be  souffhi 
chiefly  in  the  tir<me.<i  tkeinsdves^  and  appear  to  be  discoverable  by  scientific  investiffaiion 
to  a  rnnrh  tjreaier  exient  thun  if>  often  believed. 

This  is  also  of  great  im[>ortance,  since  the  chemical  processes  in  the  tisRues 
are  distinctly  related  to  the  growth  and  atrophy  of  tissue.  It  will  b©  the  work 
of  bisto-chemistry  to  discover  and  embody  these  relations  in  the  form  of  em- 
pirical laws,  in  the  same  way  as  has  l>een  done  for  the  histo-mechanical 
principles.  Then  we  shall  stand,  as  I  have  pointed  out  in  other  jdaces,  on 
that  boundary  line  of  investigation,  beyond  which,  in  the  meantime,  we  are  not 
justified  in  drawing  any  conclusions, 

A  general  consideration  of  the  causes  of  progressive  tissue  metamorphosis 
would  be  altogether  incomplete  if  the  fact  were  overlooked  that  excessive 
tissue  formation  fretjuently  originates  in  distui'bancos  which  presiimably  were 
already  present  in  the  germinal  area.  To  this  class  belong  a  number  of  owi- 
genUal  jxiikolwjical  cmdition^  which  have  already  been  mentioned  under 
malformations,  congenital  overgrowth,  unilateral  overgrowth,  overgrowth  of 
single  extremities,  macromelua,  macrodactylua.  In  other  cases,  abnormalitie 
already  present  in  the  germinal  area  are  apparently  not  observed  till  aft 
birth,  giantism  and  acromegaly  for  instance,  or  they  Ipad   to  certain  patho- 
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logical  new  growths  which  bear  the  character  of  tumours,  as  will  be  explained 
later. 
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n.  Pathological  Neoplasia  and  Metaplasia  of  the  Various  Tissues 


(a)  176 w  Formation  and  Tranafomuttion  of  Epithelium 

According  to  the  views  which  Virchow  arrived  at  by  special  study  of 
epithelial  tumours,  the  cclla  of  connective  tissue  seemed  to  be  able  to  take  part 
in  the  jtathological  new  growth  of  epithelial  cells.  This  doctrine  has  proved  as 
untenable  as  that  of  Biesiadecki's,  arrived  at  by  means  of  experiments  on  living 
animals,  according  to  which  regeneration  of  stratified  sqoamous  epithelium 
proceeds  from  wandering  cells  derived  from  the  connective  tissue.  There  is,  how- 
ever, no  doubt  that  the  teaching  of  Virchow,  as  set  forth  in  his  Ceilidar 
Paihdogy,  was  the  starting-point  of  the  whole  series  of  researches  to  which  wo 
owe  the  present  state  of  our  knowledge  on  the  subject 

J.  Arnold  was  the  first  to  closely  investigate  the  phenomena  of  regenentaoD 
which  followed  the  destruction  of  protecting  epithehura.  He  discovered  that 
the  formation  of  now  epithelium,  after  localised  destniction  of  the  skin  or 
mucous  membrane  of  the  dog,  not  only  extends  inwards  from  the  margins  of 
the  part  deprived  of  its  epithelium,  but  may  also  occur  in  little  isleta  in  the 
middle  of  the  granulation  tissue,  which  must  be  regarded  as  one  of  the  con- 
nective tissues.  In  practice,  the  surgeon  also  frequently  observes  the  occurrence 
of  iflolated  epithelial  islands  during  the  skinning-over  of  extensive  wound 
surfaces.  These  proceed  either  from  some  epithelium,  such  as  hair  follicles  and 
glands,  which  has  been  left  on  the  surface  of  the  wound,  or  from  the  accidental 


NE  W  FORMA  TION  OF  EPITHEUUM  465 

transplantation  of  living  epithelial  cells  from  the  neighbourhood.  If  the  mucous 
membrane  of  the  gum  of  a  dog  be  injured,  epithelial  cells  may,  for  example,  be 
transferred  from  the  opposed  surface  of  the  tongue  to  the  wound,  especially  if, 
at  the  same  time,  the  tongue  has  been  slightly  injured. 

The  investigations  of  Heller,  Wadsworth  and  Eberth,  F.  A.  Hoffmann, 
Thiersch,  Klebs,  and  Waldeyer  have  accordingly  shown  that  epithelium  is 
always  regenerated  from  pre-existing  epithelium,  and  our  present  experience 
permits  us  to  state  further  that  jpathological  epithelial  new  growths  always  originate 
ill  pre-existing  epithelium. 

Mayzel  was  the  first  to  observe  that  the  new  epithelium  in  the  cornea  of  frogs, 
rabbits,  and  cats  is  formed  by  indirect  nuclear  and  cell  division.  The  investiga- 
tions of  Eberth,  Flemming,  Peremeschko,  Pfitzner,  Golgi,  Tizzoni,  Bizzozero  and 
Canalis,  Canalis  and  Yassale,  Podwyssotzki,  and  Barbacci,  as  well  as  numerous 
researches  carried  out  under  the  direction  of  Ziegler,  have  most  completely 
confirmed  this  observation. 

The  finer  processes  (i.e.  the  nature  of  the  changes  in  the  cells)  in  patho- 
logical epithelial  new  growths,  therefore,  agree  in  all  respects  with  the  analogous 
physiological  processes.  There  is  also  a  more  general  agreement  If  the 
pathological  new  growth  of  adenomatous  and  carcinomatous  tissue  be  examined, 
it  will  be  seen  that  there  is  a  formation  of  solid  and  hollow  epithelial  cylinders 
which  push  themselves  into  the  surrounding  non-epithelial  tissue  in  the  same 
manner  as  in  the  physiological  formation  of  glands  in  the  embryo.  In  these 
growing  epithelial  processes  numerous  cells  in  the  act  of  mitotic  division  are 
found,  like  those  already  figured  in  Fig.  302. 

Epithelium,  especially  that  of  the  skin,  the  mucous  membranes,  and  many 
glands,  undergoes  a  continuous  physiological  shedding  which  is  associated  with 
a  corresponding  regeneration.  Mitotic  figures  are  often  seen  in  healthy  organs 
containing  epithelium,  and  it  cannot  be  surprising  that  pathological  regenera- 
tion of  epithelium  should  also  be  very  extensive.  Begeneration  of  surface 
epithelium  after  destruction  or  removal  of  a  part,  is  very  complete.  This  will 
be  discussed  more  fully  imder  the  description  of  the  healing  of  wounds. 

Hair  and  nails  are  also  often  very  completely  regenerated,  at  least  when 
portions  of  the  hair  follicles  or  the  major  part  of  the  nail-bed  have  been  preserved. 
The  falling  out  of  the  hair  after  fevers,  such  as  typhoid,  etc.,  as  well  as  after 
other  exhausting  diseases,  is  well  known,  and  so  also  is  the  very  complete 
renewal  of  the  growth  of  hair  which  generally  occurs.  When  the  terminal 
phalanx  of  the  finger  has  been  destroyed,  rudiments  of  the  nail  often  develop 
on  the  stump,  but  in  most  cases  it  may  be  assumed  that  some  remains  of  the 
nail-fold  have  been  preserved  in  the  cicatrising  point  of  the  finger.  In  the 
operation  for  removal  of  cataract,  some  of  the  formative  cells  situated  at  the 
equator  of  the  lens  are  invariably  left  behind,  along  with  the  torn  capsule  of 
the  lens,  and  may  become  the  starting-point  of  an  epithelial  cell  formation. 
This  thickening  of  the  capsule  of  the  lens  represents  a  regenerative  process 
which  is  generally  greater  the  younger  the  individual  operated  on.  In  the 
same  manner  regenerative  epithelial  growths  develop  in  the  liver,  the  kidney, 
and  other  glandular  organs  after  injuries  or  after  many  diseases  which  lead  to 
destruction  of  glandular  tissues.  This  regenerative  growth  may  go  on  to  the 
formation  of  a  tumour,  an  adenoma,  in  which  the  new  tissue  may  not  be  com- 
pletely devoid  of  function.  In  other  cases,  in  which  the  regenerated  portion  is 
absolutely  identical  with  the  structure  of  the  organ,  the  restoration  of  function 
is  complete.  Martinotti  studied  those  processes  experimentally  in  the  kidney, 
aud  made  the  remarkable  discovery  that  there  is  a  change  in  the  function  in 
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hasten  the  healing  of  the  smaller  areas.  It  consists  of  a  swelling  of  the 
epithelium.  If  new  epithelial  cells  are  afterwards  fonned  on  the  surface  of 
the  wound^  the  newly-formed  cells,  before  they  reach  their  final  state,  also 
show  a  conaid»?rable  increase  in  size.  The  cells  are  hypertrophic^  like  tht 
growing  cells  of  many  epithelial  tumours. 

With  regard  to  mdaplami  of  epithelial  celU^  it  has  already  been  mentioned 
that  it  is  limited  to  the  transformation  of  one  form  of  epithelium  into 
another.  The  mucous  membrane  of  the  bladder  gives  an  example  of  this  \»*]iich 
ia  of  some  practical  importance.  This  mucous  membrane  is  covered,  normally, 
with  stratified  squamous  epithelium.  In  catarrh  of  the  bladder  the  smjerficml 
hiyers  of  epithelium  are  removed  in  patches,  while  the  deeper  layers  assume 
an  appearance  approaching  that  of  cylindrical  epithelium  (Fig.  307).     The 
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metaplasia,  however,  is  only  distinctly  noticeable  when  chronic  catarrh  is 
associated  with  the  formation  of  a  cauliflower -like  tumour  covered  with 
epithelium,  papUhma  of  the  bladder.  For  the  diagnosis  of  papilloma  of  the 
bladder  during  life,  it  is  important  to  know  that  its  epithelial  covering  consists 
of  stratified  cylindrical  cells  (Fig.  307).  This  is  apparently  a  metaplasia  of 
stratified  squamous  into  stratified  columnar  epithelium.  In  the  same  way, 
in  polypoid  growths  from  the  mucous  membrane  of  the  middle  ear,  which  are  at 
first  covered  with  cylindrical  epithelium,  the  character  of  the  epithelium  is 
altered  when  they  reach  the  outer  ear,  after  perforating  the  tympanic  membrane. 
The  cylindrical  epithelium  is  then  transformed  into  stratified  squamous 
epithelium. 

The  list  of  examples  of  the  occurrence  of  metaplasia  of  epithelial  tissues 
could  be  considerably  lengthened,  but  it  will  be  sufficient  to  point  out  that  the 
transition  of  one  form  of  epithelium  into  another  may  sometimes  be  regarded 
as  an  arrest  at  an  earlier  stage  of  development.  For  example,  the  epithelial 
tumours  of  the  gastric  and  intestinal  mucous  membrane  consist,  as  a  rule, 
of  cylindrical  epithelial  cells,  which  more  or  less  closely  resemble  the  normal 
epithelial  coat  of  this  organ.  Occasionally,  however,  in  the  same  tumour  the 
cylindrical  epithelium  may  be  partly  or  entirely  replaced  by  the  round  or 
cubical  varieties  which  resemble  the  imperfectly-developed  epithelial  cells  of 
this  mucous  membrane.  This  is  seen  more  especially  in  tumours  which  are  of 
rapid  growth,  and  therefore  malignant. 
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(b)  Origin  of  the  Cellnlar  Elemmta  of  tho  Blood 

The  investigation  of  the  process  by  which  the  cellular  elements  of  the 
blood  multiply  presented  unusually  great  difficulties,  and  even  now  opinion 
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di£fers  greatly  in  regard  to  many  particulars.  The  following  account  must  be 
limited  to  a  statement  of  the  best  authenticated  facts,  including  the  processes 
of  embryonic  development,  since  on  this  latter  point  there  is  no  longer  any 
difference  of  opinion. 

The  formcUion  of  Uood  in  the  embryo  begins  with  the  appearance  of  the 
so-called  hhod  islets  (Pander,  v.  Baer,  Schwann,  Reichert)  in  the  vascular  area 
of  the  embrya  These  are  the  thickly  -  grouped  strands  of  cells  in  the 
mesoblast  (Fig.  308),  in  the  margins  of  which  the  first  indications  of  blood 
spaces  appear.  While  these  rudimentary  capillaries  are  enlarging  and  open- 
ing into  each  other  (Fig.  309),  indirect  division  may  be  observed  to  occur  in 
the  nuclei  and  cells  of  the  blood  islets.  The  junction  of  the  rudimentary 
capillaries  leads  to  the  formation  of  a  capillary  network  whose  wall  is  still 


Fio.  808.— Blood  islets  io  the  area  vasculosa  of  the  chick.    Rndimentary  capillaries  (c)  in  process  of  formation 
in  their  marRins.    Twenty-eighth  day  of  incubation.     xSOO, 


partly  formed  by  the  strands  of  cells,  described  as  the  blood  islets  (Fig.  310). 
CJirculation  has,  by  this  time,  already  been  developed  in  the  vascular  system, 
and  some  of  the  cells  of  the  blood  islets  are  separated  and  mixed  with  the 
circulating  blood-serum.  As  the  channels  of  the  capillaries  continue  to  invade 
the  cells  of  the  blood  islets,  the  latter  become  more  and  more  projected  into  these 
channels  imtil  they  finally  adhere  to  the  capillary  wall  by  a  single  cell  only 
(Fig.  311).  After  this  connection  has  also  been  severed,  the  blood  islets,  which 
now  contain  haemoglobin,  break  up  into  their  cellular  constituents  and  join 
the  circulating  blood.  The  blood  now  consists  of  a  clear  fluid,  containing 
numerous  nucleated  red  corpuscles. 

The  phenomena  of  cell  division  are  observed,  meanwhile,  not  only  in  the 
cells  of  the  blood  islets,  but  also  in  the  nucleated  red  corpuscles  of  the  cir- 
culatinfT  embryonic  blood,  as  was  first  pointed  out  by  Remak  and  KoUiker. 
Biitschli,  Flemming,  and  Peremeschko  have  proved  that  the  cell  division  in  the 
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The  next  step  in  advance  in  our  knowledge  waa  the  important  demon- 
stration by  Neumann  of  nucleated  ceils,  coloured  by  ha?moglobin  (nucleated 
red  blood  corpuscles  or  fueniaiobUistfi),  in  the  bone- marrow  of  adult  man  and 
mammalia.  Bizzozero,  Torre,  and  Flemming  have  confirmed  those  discoveries, 
and  have  also  shown  that  these  nucleated  red  blood  corpuscles  of  the  marrow 
multiply  by  karyomitosis. 

On  the  strength  of  all  these  investigations^  it  may  be  asserted  that,  in 
healthy  individuals,  regeneration  of  the  red  blood  corjMiscles  takes  place 
entirely  in  the  vessels  of  the  bone-marrow,  in  which  red  blood  corpuscles, 
nucleated  and  in  process  of  division,  are  to  be  found  in  large  numbers.  But  in 
the  blood  in  the  heart  and  great  vessels,  under  normal  circumstances,  there  are 
only  a  very  few,  if  any,  nucleated  red  corpuscles  to  be  found.  Therefore,  it 
may  be  assumed  that  the  formation  of  red  blood  corpuBcles  is,  under  nonual 
conditions,  completed  in  the  bone-marrow,  and  only  the  fully-formed  red  blood 
corpuscles  escape  into  the  general  circulation. 

Bizzozero  and  Flemming  have  been  led  by  their  investigations  to  the 
conclusion  that  all  the  nucleated  red  corpuscles  of  the  bone-marrow  are  direct 
descendants  of  the  nucleated  red  blood  corpuscles  of  the  embryonic  blood. 
During  embryonic  life,  those  of  them  which  are  not  transformed  into  non- 
nucleated  red  corpuscles  are  collected  within  the  blood-vessels  of  the  bone- 
marrow,  where  they  produce,  by  means  of  mitotic  division,  ^new  generations  of 
nucleated  red  cells  which  gradually  become  changed  into  non-nucleated  cells. 
Neumann  has,  however,  drawn  attention  to  the  fact  that  new  red  bone-marrow, 
provided  with  nucleated  red  blood  corpuscles,  may  be  formed  in  post-embryonic 
life  indefjendently  of  pre-existing  marrow  tissue. 

This  production  of  nucleated  red  corpuscles  in  post-foetal  life  may  be  ex- 
plained by  three  hypotheses. 

Firstly,  it  may,  and  indeed  occasionally  does,  happen  that  nucleated  red 
corpuscles   escape    from   the   I'essels  of   the    bone -marrow  into   the   general 
circulation.     These  would  then  be  deposited  as  now  post-embryonic  foci  of 
bone-marrow,  and  become  the  starting-point  of  new  generations  of  nucleated , 
red  blood  corpuscles. 

Secondly,  Lowit  and  Denys  ha\'e  tried  to  prove  that  the  nucleated  red 
blood  corpuscles  arise  from  small  uninucleated  leucocytes,  devoid  of  haemo- 
globin, which  Linvit  has  called  erytkroblaxts.  These  erythroblasts,  according  to 
him^  are  formed  in  the  tisane  of  the  bone-marrow,  the  spleen,  and  the  lymph- 
glands.  They  afterwards  pass  into  the  blood,  where  they  may  undergo  mitotic 
division  and  multiply  before  becoming  nucleated  red  corpuscles.  The  work  of  j 
H.  Ziegler  supports  these  views  from  the  standpoint  of  comparative  anatomy, 
and,  further,  Foa  and  Salvioli  have  arrived  at  results  similar  to  those  of  Lowit 

Thirdly,  it  may  be  possible  that  the  cells  of  the  vessel  walls  may,  under 
exceptional  circumstances,  take  part  in  the  production  of  nucleated  red  blood 
corpuscles.  I  do  not  mean  the  intracellular  origin  of  red  corpuscles  from  the 
"  c/'UuIes  ms(h/onnutives,'^  as  maintained  by  Schiifer  and  Ranvier.  The  opinions  of 
these  attthora  have,  I  think,  been  refuted  by  Spuler  in  a  most  complete  fasbion. 
But  when  we  consider  what  takes  place  in  the  formation  of  the  blood 
in  the  embryo,  it  appears  quite  possible  that  the  lining  endothelium  of  the 
vessels  may  produce  the  early  stages  of  the  red  blood  corpuscles  by  cell 
division.  This  process  might  also  explain  the  observations  of  Neumann  on 
pos^foetaI  formation  of  bone-marrow  and  the  origin  of  nucleated  red  blood 
corpuscles  in  adult  bone-marrow. 

In  ptUJiological  conditums  (especially  in  oligocythiemias  due  to  various  causee^ij 
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which  (five  rist  to  an  increased  regemraiion  of  red  hlood  corpuscles^  nucleated  red 
blood  corpuscles,  some  of  which  show  mitosis,  are  seen  in  considerable  numbers 
outside  of  the  bone- marrow,  Bizzozero  and  Salvioli,  Foa  and  Howell,  next 
demonstrated  their  presence  in  the  spleen  of  mammalia  from  which  a  large 
amount  of  blood  had  been  taken  by  repeated  venesections.  In  such  experiments 
the  nucleated  red  corpuscles  are  found  to  be  as  numerous  in  the  spleen  as  in 
the  bone-marrow^  and  a  few  pass  into  the  blood  of  the  heart  and  great  vessels, 
A  large  number  of  Lowib's  erythroblasts  are  to  be  seen,  at  the  same  time»  in 
the  spleen  and  bone-marrow,  as  well  as  in  the  lymph-elands  and  blood. 

The  white  cells  of  the  blood  and  lymph  are  developed  in  the  lymph- 
glands,  spleen,  and  bone -marrow,  in  both  normal  and  pathological  conditions 
(Flemming,  J.  Arnold,  Ltiwit).  The  results  of  experimental  and  histological 
investigation  show  that,  in  anremia  from  various  causes^  the  new  formation  of 
white  cells  is  notably  increased,  and  the  organs  mentioned  above  are,  in 
consequence,  much  more  rich  in  cells.  The  spleen  and  lymphatic  glands  swell 
up  and  a  part  of  the  yellow  marrow  becomes  red,  lymphoid  bone-marrow.  At 
the  same  time,  the  number  of  whit«  corpuscles  in  the  blood  is  invariably 
increased  (leiirocytosis). 

Histological  investigation  shows  that  the  increase  of  white  corpuscles  is 
brought  about  by  mitotic  and  amitotic  segmentation  (Flemming,  Foa,  Ltiwit). 
According  to  J.  Arnold,  the  fragmentation  of  the  nucleus  of  the  leucocytes  is 
also  to  be  regarded  as  an  early  stage  of  cell  division. 
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(c)  New  Formation  of  Blood-YesaelB 

Formation  of  n^w  blood-vessels  begins  invariably  with  the  formation  of  new 
capillaries.  The  researches  of  Jos.  Meyer,  Billroth,  Golubew,  J,  Arnold,  and 
Klein  have  led  to  the  distinction  of  three  modes  of  formation  of  capillaries. 


manner  that  the  spaces  within  them  united  to  form  the  lumen  of  the  vessels 
(Billroth). 

In  sermulary  iiew  formaimi  of  vessels,  rowa 
or  columns  of  cells  are  said  to  be  developed 
in  connection  with  pre-existing  capillaries. 
Spaces  appear  between  the  colurnna  of  cells 
which  become  continuous  with  the  luraen 
of  the  pre-existing  capillaries  (Billroth). 

In  tertiary  new  formation  of  vessels, 
or  new  formation  of  vessels  hy  *'' buddinij," 
bud-like  processes  from  the  protoplasm  of 
the  endothelium  form  in  the  walls  of  pre- 
existing capillaries.  Two  or  more  adjacent 
buds  blend  with  each  other,  and  the  hollow 
spaces  which  are  formed  become  continuous 
with  the  lumen  of  the  capillary  from  which 
the  buds  grew  out  (Jos.  Meyer,  Golubew,  J. 
Arnold). 

These  three  supposed  modes  of  capillary 
formation  differ  in  this  respect  that,  in  the 
first  and  third  forms,  the  lumen  of  the 
capillary  originates  within  the  cell — is  ijt- 
tracelluhr,  and  in  the  second  form  between 
the  cells — is  mtercdhdar.  The  second  method  of  formation  has,  therefore, 
now  lost  many  of  its  supporters,  and  the  theory  of  the  first  mode  of  formation 
has  also  been  modified  by  Klein,  who  made  the  suggestion  that  vacuole-lilce 
spaces  become  developed  in  the  cells,  and  that  these  afterwards  became  confluent 


Tin.  815.— Cilpillaries  IVoim  ttic  area  pelJucida 
of  tho  chick.  Irvcnl»t«l  tJnirty-four  and  a 
lialf  hour*.     X  200. 
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with  similar  spaces  in  neiglibouring  ceils.     If  this  view  b«  correct^  the  processes 
of  development  in  the  first  and  third  forms  would  resemble  each  other  very^ 
closely,  since  in  both  the  capillary  lumen  is  of  intracalhilar  origin,  arising  by 
vacuolation  of  the  central  portion  of  the  protoplasm ;  while  the  supposition 


Pm.  S16.— Greatly  magniDed  boda  whSeb  ar«  funuing  new  reasels.    Th«  long  thntttl-Uke  prooeuM  of  tb« 
budK  are  oiily  reprodnciKl  in  psrt. 

that  the  cells  which  form  the  veaael  walls  in  the  embryo  are  primarily  hollow 
or  vacuolaited  is  allowed  to  drop. 

More  miBUte  investigations,  which  I  published  elsewhere,'  have  led  nie  to 
the  conclusion  that  all  vessel  formation  is  inkirrlhihr  in  origin,  and  that  only 
two  forms  of  capillary  new  formation  are  to  be  distinguished^primary  new 
formation  of  vessels,  and  new  formation  by  budding.      This  is  a  conclusion 
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Flu.  .117.— VeuaI>b«Kls  viil  fonnation  of  now  caplUarlea  iu  the  area  pellneida  of  tJie  dilck.    Incubat^l 
thirty-four  asd  a  half  hotan.    x  860. 

which  has  since  been  confirmed  by  the  researches  made  by  Yamagiwa  in  the 
Pathological  Institute  in  Berlin. 

By  jnimarif  'new  formation  of  imseh  is  meant  the  processes  which  lead  to  the 
formation  of  the  first  capillaries  in  the  vascular  area  of  the  embryo.  The  cells 
of  the  mesoblast  become  arranged  in  strands  in  the  vascular  area  (Fig.  312). 
In  these  strands  rounded  spaces  appear  between  the  cells.     The  margins  of 
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the  cells  which  are  directed  toward  these  spaces  are  distinguished  by  being 
somewhat  more  refractile  (Fig.  313).  These  spaces,  which  are  filled  with  a  clear, 
probably  fluid  substance,  open  into  one  another  (Figs.  314,  315),  and  in  this 
way  form  the  first  capUlaries  of  the  vascular  area.  During  this  process  the 
originally  polygonal  cells  which  formed  the  walls  of  the  hollow  spaces  become 
gradually  transformed  into  pavement  epithelium. 

New  formation  of  vessels  by  budding  begins  in  the  vascular  area  as  soon  as 
the  first  capillary  network  is  formed.  Later  on,  in  post-embryonic  life,  it  is  the 
only  form  of  new  vessel  formation  which  is  to  be  observed.  The  protoplasm 
of  the  endothelial  cells  sends  out  solid  conical  buds  which  grow  into  long 


Fio.  818. — Vessel-bada  with  a  capilUuy  lumen  fonned. 
From  the  area  pellucida  of  the  chick.  iDcabated 
thirty-four  and  a  half  hoars,     x  400. 


Fio.  819.— Two  capillaries  (e,  e)  with  Teasel-bads 
between  them.  The  lumen  of  the  upper 
capillary  shows  a  blind,  sac-like  dilatation. 
From  the  area  pellucida  of  the  chick.  In- 
cubated thirty-four  and  a  half  hours,     x  400. 


threads  (Fig.  316).  At  the  same  time,  or  even  earlier,  the  nuclei  of  the 
endothelium  of  the  capillary  wall  divide  by  karyokinesis,  so  that  nuclei  are 
generally  to  be  found  in  the  base  of  the  cone-shaped  bud.  The  long,  thread- 
like processes  of  the  buds  then  unite  with  neighbouring  ones,  and  in  this  way 
form  protoplasmic  bridges  between  the  different  portions  of  the  capillary 
network  (Fig.  317). 

New  formative  cells  not  infrequently  arise  along  the  side  of  the  buds  (Figs. 
316-318);  the  buds  then  gradually  become  hollowed  out,  generally  beginning 
from  the  lumen  of  the  capillary  to  the  wall  of  which  they  are  attached  I  have 
only  exceptionally,  and  in  very  cellular  vessel-buds,  observed  the  occurrence  of 
isolated,  but  still  intercellular,  vascular  spaces  (Fig.  318).     The  vessel  lumen 


476 


DEVELOPMENT  OF  ARTERIES 


becomes  pushed  out  into  the  buds  in  such  a  fashion  that  the  sharp  outlioe  of 
the  lumen  is  never  lost  The  cells  which  compose  the  bud  become  gradually 
rearranged  and  transformed  into  a  hollow  tube  of  cells  (Figs.  3 1 7»  319). 

When  these  processes  have  been  completed  in  the  two  buds  which  together 
bridge  over  the  space  between  two  capillaries,  the  bridge  has  become  hollow 
in  its  entire  length,  and  a  new  capillary  has  thus  been  formed  connecting  the 
two  old  capillaries  (Fig,  320). 

The  formation  of  new  capillaries  by  budding  has  been  frequently  observed 
under  pathological  conditions,  in  the  first  instancej  by  Jos,  Meyer,  Billroth, 
J.  Arnold,  and  C.  Weil.  Since  then  they  have  been  observed  in  diseased  tissues 
in  man  under  manifold  conditions.  Arteries  and  veins  are  formed  from 
the  capillaries  by  increase  in  size  of  the  lumen  and  corresponding  growth  in  thick- 
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Fia.  aso.— Nflw  foirnatian  of  capdlartea  in  thvmmnion  of*  foetal  ztXl„  xfiOO. 

nesB  of  the  walls.  It  is  generally  assumed  that  the  muscular  coat  of  the  vessel 
increases  by  apposition  from  without,  and  therefore  does  not  originate  from  the 
endothelium  of  the  wall,  but  from  neighbouring  portions  of  non-striated  muscle. 
In  post^fcwtal  existence  the  process  may,  as  a  rule,  be  carried  out  by  the  ingrowth 
of  the  non-striated  muscular  coat  of  pre-existing  arteries  into  the  wall  of  the 
new  arteries.  The  elastic  elements  of  the  walls  of  the  arteries  and  veins  art, 
as  a  rale,  regarded  as  a  product  of  the  muscular  coat. 

The  hisUHnechanical  conditions  which  govern  the  new  formation  of  capillaries 
and  their  ti'ansition  into  arteries  has  been  already  thoroughly  explained  (p^ 
265).  The  discussion  here  can  therefore  be  limited  to  demonstrating,  by  means 
of  a  carefully  examined  specimen^  the  general  features  of  the  lumen  of  a  branch- 
ing vessel  during  a  period  of  active  growth.  In  Fig.  321  a  dividing  vessel  in 
the  area  vasculosaof  the  seventy-four  hours' chick  is  represented,  the  magniftcation 
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being  such  as  to  permit  a  direct  comparison  with  the  earlier  stages  previously 
depicted  (Figs.  176,  177,  pp.  266,  267).  If,  in  such  a  preparation,  the 
arterial  wall  is  measured  at  different  points  and  the  transverse  section 
reckoned  in  square  micromillimetres,  it  is  seen  that  the   transverse  section 


FiQ.  821.— Fart  of  the  area  vuctUosa  of  the  chick.  locabated  seventy >foar  hours.    Doraal  aspect  is  presented. 
K,  K,  Veins.    The  arteriea  are  dark.    x21. 


of  the  lumen  of  main  trunk  =  3252  sq.  fu     The  sum  of  the  transverse  sections 
of  the  lumina  of  the  branches  of  the  main  branch  after  division  into 


3  branches 
6         „ 

21 


=  3446  sq.  fi 
=  4796 
=  5506 
=  5742 


The  branching  of  one  of  these  rapidly  growing  arteries  is  therefore  dis- 
tinguished by  the  fact  that  the  tranverse  section  of  the  main  trunk  is  smaller 
than  the  sum  of  the  transverse  sections  of  its  branches,  and  that  this  relation  is 
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repeated  at  each  hqw  division.  It  follows  necessarily  that  the  blood-stream  in 
the  tninkB  is  quicker  than  in  the  branches,  and  thus,  according  to  the  first 
histo-mechanical  principle  (p.  265),  the  more  rapid  grovrth  of  the  arterial 
trunks  and  the  slower  growth  of  the  branches  are  explaineii.  In  a  fully, 
formed  vascular  network,  however,  the  branching  is  of  equal  capacity,  the 
transverse  section  of  the  main  trunk  being  equal  to  the  sum  of  the  transverse 
sections  of  its  branches  (p.  275).  Even  without  measurement  the  slender 
branches  of  the  fully-formed  arterial  channels  can  he  differentiated  h}'  the  eye 
from  the  peculiarly  lurj^e  brandies  of  an  artery  which  is  still  gi'owing. 
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(d)  New  Formation  of  Coimective  Tiaaae  and  Healing  of  Wounds 

The  cells  from  which  new  connective  tissue  is  formed,  arise  either  from  the 
endothelial  lining  of  the  vessels  or  from  the  cells  of  pre-existing  connective 
tissue. 

Thiersch,  Waldeyer,  Baumgaiteu,  and  Raab  Avere  the  first  to  demoastrate 
the  uritjin  of  cunnficiive  tissue  from  i/ie  mdfiihdium  of  vessels.  They  observed  an 
increase  in  the  endothelial  cells  of  ligatured  arteries,  and  these  colls  became 
transformed  into  the  cells  of  a  wavy  connective  tissue  which  was  formed 
internal  to  the  elastic  lamina. 

According  U)  my  investigations,  this  process  has  a  more  general  bearing 
upon  the  mcwle  of  new  formation  of  connective  tissue,  since  it  appears  that,  in 
many  cases,  the  fii-st  stage  in  new  formation  of  connective  tissue  is  a  new 
formation  of  capillaries,  which,  in  their  turn,  provide  the  material  for  the 
further  production  of  connective  tissue  cells. 

This  process  can  be  traced  most  completely  in  msirasmic  thrombi  which  are 
gi-adimlly  replaced  by  connective  tissue.  This  substitution  of  connective  tissue 
for  the  thrombus,  i\s  observed  by  Heuldng  and  myself,  has  already  been 
described,  and  the  accoimt  given  on  p.  285  may  be  referred  to  as  regards 
many  points  which  do  not  come  directly  under  consideration  here.  The 
thrombus  shrinks,  and,  at  the  same  time,  the  endothelium  of  the  vessel  wall 
grows  over  the  surface  of  the  thrombus,  covering  it  with  a  single  layer  of  fl.it 
cells.  Further  proliferation  of  this  endothehal  covering  jields  the  cells  which 
secrete  an  intercellular  substance  and  produce  the  layer  of  connective  tissue 
which  covers  the  surface  of  the  thrombus  {Figs.  322,  323).  From  the 
endothelial  covering  of  the  thrombus  capillaries  now  develop,  penetrate  the 
mass  of  the  thrombus,  and  also  give  origin  to  connective  tissue  cells  on  their 
external  surface.  These  cells  ultimately  form  the  thick  connective  tissue 
envelope  which  surrounds  the  capillaries  of  the  vascularised  thi-orabus. 

The  1USW  farmutvm  if  connective  tissue  and  cmmeciive  tissue  cdh  from  previauiiii 
mslmg  eofMddHve  tiwis  has  been  described  by  R.  Virchow   in   his   CtlluUn 
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expfliimentally.  Buhnoff  applied  cinnabar  to  the  external  aspect  of  throm- 
bosed vessels  and  found  it  contained  in  the  cells  which  had  ii«issed  through  the 
vessel  wall  into  the  thrombus.  Ziegler,  Seiiftleben,  and  Tillnianns  embedded 
hollow  objects,  glass  chambers,  double-ligatured  vessels,  or  hardened  portions  of 
organs  in  the  subcutaneous  tissue  and  the  alxlominal  cavity  of  warm-blooded 
aninuds,  and  afterwards  found  newly-formed  connective  tissue  and  wandering 
cells  in  the  fissures  and  ca\nt]es  of  the  foreign  bodies  and  dead  tissues. 
It  appeared  to  be  firmly  established  that  these  cells  could  only  attain  their 
new  situation  l>y  emigiation.  Zieglers  experiments  have  greatly  added  to 
the  accurate  knowledge  of  those  early  foniis  of  pathological  newly-formed  cells 
(the  Jibrobksis  of  Ziegler)  which  had  already  been  minutely  described  by 
Neiunann.  Those  are  round  or  fiat  cella,  occasionally  spindle-shaped,  provided 
wnth  large  nuclei  (Fig.  324),  The  round  and  polygonal  fibroblasts  frequently 
show  a  certain  resemblance  to  epithelial  cells,  and  are  named  epithelioid  cells  to 
distinguish  them  from  real  epithelial  cells  (E.  Wagner,  Sehiippel). 


rna.  Mi.— Throe  young  connectivo  tiflKUo  cells  (Qbroblxuitii)  aTid  two  IcaeoejrtM  Wftll  lolKhltad  ooelal.     Pnxu 
U)e  gimnulatioii  tissue  of  an  ulcer  un  the  Ipg  of  a  nmn,  thlny-«lj(!ht  jmsB  tttgfii,    XlfOO. 

It  was  clear,  however^  that  the  presence  of  those  cells  in  the  glass  chambers 
and  pieces  of  hardened  lung  which  had  been  placed  under  the  skin  or  in  the 
abdominal  cavity  of  living  animids,  gave  no  indication  of  the  origin  of  thoee 
cells,  and,  more  especially,  wiis  no  proof,  as  had  been  Vielicved,  that  the  leu- 
cocytes which  had  escaped  from  the  blood-vessels  were  transfoimed  into 
connective  tissue  cells.  F.  JfLirehand,  Ballance  and  Edmunds  have  thoroughly 
demonstrated  that  no  transition  stage  between  leucocytes  and  fibroblasts  is  to 
be  founil.  This  I  can  confirm  on  the  strength  of  a  repetition  of  Ziegler's 
experiments  (Marchand,  NikiforotT,  Ballance  and  Edmunds).  It  is  more 
probable  that  the  leucocytes  break  down  and  are  absorbed  by  the  phagocytic 
action  of  the  fibrobhists. 

The  work  of  those  investigators  makes  it  apparently  certain,  as  Ziegler  has 
since  admitted,  that  the  fibroblasts,  found  in  the  glass  chambers  and  foreign 
bodies,  are  derived  from  the  fixed  connective  tissue  cells  of  the  tissue  in  the 
neighbourhood.  These  divide  by  mitotic  segmentation  of  the  ceH  nucleus,  and 
the  young  cells  which  arise  enter  the  glass  chambers  or  foreign  bodies.  Whether 
they  are  amoeboid  like  the  white  cells  of  the   blood   is  not  known.     It  Is 
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possible  that  they  might  be  transported  by  the  tissue  fluids,  or  that  they  might, 
in  other  cases,  be  displaced  by  the  process  of  growth.  In  the  fibroblasts,  fdso, 
indirect  segmentation  of  the  nucleus  and  division  of  the  cell  may  be  demon- 
strated. The  division  of  the  cell  is  sometimes  slower  than  that  of  the  nucleus, 
so  that  cells  with  many  nuclei,  giard  cellSy  may  be  developed  in  the  enclosed 
glass  tubes  and  foreign  bodies.  In  the  cases  where  blood-vessels  are  found  in 
the  glass  chambers  and  foreign  bodies,  it  would  be  of  interest  to  know  how  much 
the  endothelium  of  the  vessels  had  to  do  with  the  production  of  fibroblasts. 

The  formation  of  fibroblasts  may  very  frequently  be  demonstrated  in 
human  and  animal  tissues.  The  young  connective  tissue  cells  which  originate 
in  the  endothelium  of  the  vessels,  and  which  have  already  been  mentioned, 
may  be  regarded  as  such.  They  may  also  be  produced  in  a  similar  manner 
from  connective  tissue  by  mitotic  division  of  its  cells.  Proliferation  of  the 
cells  by  karyokinesis  in  pathological  connective  tissue  was  first  demonstrated 
by  Hom6n,  and  shortly  afterwards  this  was  confirmed  by  Bizzozero,  Canalis, 
Mondino,  Tizzoni,  and  many  others.  This  process  may  be  easily  seen  in 
granulation  tissue  in  wounds.  It  must  be  remembered,  however,  that  even  in 
rapidly  growing  tissues  the  number  of  mitoses  present  in  a  microscopical 
specimen  is  very  limited.  If  a  cell  can  divide  into  two  by  mitosis  within  one 
or  two  hours,  the  increase  in  the  cellular  elements  would  be  immense  if  the 
process  were  rapidly  repeated.  Forty-six  generations  of  cells  would  produce 
many  billions  of  cells,  as  we  learn  from  the  well-known  calculation  in 
connection  with  chess.^  The  resting  condition  which  follows  division  occupies 
a  long  period,  however,  so  that  the  number  of  mitoses  in  a  preparation  is 
always  limited. 

Division  is  always  preceded  by  an  increase  in  the  size  of  the  cell,  so  that 
tissues  in  which  processes  of  new  formation  are  beginning  are  always  compara- 
tively cellular,  and  contain  large  cells.  This  increase  in  the  size  of  the  cells 
has  long  been  known,  and  has  been  compared  to  a  reversion  to  the  conditions 
present  in  the  embryo.  Though  this  comparison  is  not  always  appropriate, 
still  there  is  no  necessity  to  quote  the  theory  of  "  sleeping  cells,"  suggested  by  • 
Grawitz  and  his  pupils  as  an  explanation.  Increase  in  the  size  of  the  tissue 
cells  already  present,  combined  with  a  certain  limited  amount  of  cell  division, 
is  quite  sufficient  to  account  for  the  very  cellular  character  of  growing  tissue, 
especially  connective  tissue,  as  was  lately  fully  explained  by  Hansemann. 

The  young  connective  tissue  ceUs  or  fibroblasts  produce  an  intercellular 
substance  which  is  partly  homogeneous  and  partly  fibrillated.  Since  the  time 
of  Schwann  there  has  been  a  great  diversity  of  opinion  as  to  the  formation  of 
the  fibrillae.  Many  authors  teach  that  the  connective  tissue  cells  produce  a 
homogeneous,  intercellular  substance,  which  is  subsequently  rendered  fibrillar 
by  the  action  of  mechanical  tension  which  determines  its  form  and  alters  the 
relations  of  its  molecular  arrangement.  It  has  been  asserted  by  other  authori- 
ties that  the  peripheral  zones  of  the  protoplasm  of  the  cells  become  fibrillar 
and  are  afterwards  transformed  into  intercellular  substance.  This  view  has 
been  strongly  supported  by  Schwann,  M.  Schultze,  Beale,  Neumann,  Boll, 
RoUet  and  Flemming,  while  Kolliker  and  Eanvier  no  less  strongly  support  the 
other  theory  in  their  text-books.  As  far  as  I  can  see,  it  is  very  difficult  to 
come  to  a  decision  in  the  matter.  This  much  is  certain,  that  the  spindle- 
shaped  fibroblasts,  especially,  frequently  show  fibrillated  structures  in  the 
protoplasm  at  their  poles,  and  that  some  at  least  of  the  connective  tissue  fibres 

>  9,223,372  billions  of  cells.     Estimating  the  diameter  of  the  cell  at  O'Ol  millimetre,  the 
total  size  would  be  about  5000  cubic  millimetres. 
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occur  ill  the  immediate  neighlxvurhood  of  the  cells.  The  direction  of  the 
fibres  is  subsef|iieiitly  determined  exchisively  l>y  the  mechanical  tension  of  the 
tissues.  No  direct  proof  as  to  the  origin  of  the  fibrillae  can  be  obtained  from 
this  fact,  however,  since  it  is  quite  possible  that  there  may  be  subsequent 
altemtions  in  the  position  of  the  fibres. 

Between  the  fibroblasts  large  multinucleated  giani  cells  are  frequently 
found  (Fig.  325).  They  are  very  numerous  in  tubercular  and  syphiiitic 
growths  (Rokitansky,  Virchow,  Wagner,  Schiippel,  Langhans,  Koster,  Bro 
dowski,  J.  Aj^nold,  Baumgiirten).  In  leprous  areas  (Thoma)  and  in  the  young 
connective  tissue  which  forms  in  the  margins  of  wounds  (A-  Jacobson)  they 
are  leas  common.  They  are  very  often  seen  in  and  round  about  foreign 
bodies  which  have  become  enclosed  in  the  tissues  (Heidenhain).     Their  modes 


^  Lye-' 


^ 


a 


'e, 


Fio,  ass,— Ginat  cells  (rr  and  h)  from  a  miliary  tubercle  of  the  liTer  (J.  Arnolil) ;  c,  gteut  ocU  growing  by  app«i^  j 
tton  of  cells  (Lftnglianss  mantle  cella) ;  cf,  from  a  leprous  noiluk*  uf  tiiB  skiij ;  <,  from  wonnJ  graiittUtiaM 
fonnH  near  a  forci^ju  bwly  (a  niUc  thrtiuj) ;  /,  from  a  tarconia  of  tlie  low«r  jaw ;  q,  %  oipfUary  with  %  thick 
club-Ahapc<l  bu'l  from  a  sarcoma  of  the  tnaninut.     X420. 

of  origin  differ  greatly,  however.  Observations  published  by  J.  Aniold  and 
Lange  show  distinctly  that  giant  cells  are  formed  by  the  confluence  of  white 
blood  corjmscleSf  while  Friedliindcr,  Gaule,  Liibiniow,  and  J.  Arnold  have 
demonstrated  their  fonaiation  by  the  confluence  of  epithelial  celk  As  a  rule, 
this  seems  to  be  a  retrogressive  process.  The  opinion  of  Weigert  thj\t  the 
peculiar  non-nucleated  character  of  the  central  portion  of  many  giant  cells  is 
due  to  piirtial  necrosis  of  the  cells  would  quite  agree  with  this  view.  All 
giant  cells  do  not  belong  to  the  classes  described,  however.  It  would  appcw 
from  the  investigations  of  Wegner,  Brodowaki,  and  Durante  that  many  giant 
cells  are  modified  buds  from  the  vessels,  :uid  lastly,  A'irchow  has  claimed  that 
giant  cells  may  be  formed  from  fixed  connective  tissue  cells.  The  invesliga- 
tiotts  of  E.  and  F.  Marchand  w^ro  first  to  give  proof  of  this,  by  showing  t£it 
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it  was  probable  that  the  giant  cells  formed  in  and  about  foreign  bodies  in  the 
tissues  were  produced  from  fibroblasts  by  mitotic  division  of  their  nuclei. 

Among  the  many  processes  >rhich  are  associated  with  new  formation  of 
connective  tissue^  those  which  occur  during  the  hralhuj  of  ivoumls  have  at  all 
times  been  of  specially  gi*eat  interest.  Thia  healing  is  niaiul}'  eanied  out  by 
new  formation  of  connective  tis-sue,  but  is,  as  a  rule,  associated  ^vith  new 
formation  of  blocMl -vessels  and  epithelial  cells,  so  that  a  special  description  is 
necessary.  This  must  of  coui-se  be  limited  at  present  to  wounds  of  the  soft 
parts,  but  it  will  give  us  a  general  idea  of  the  process,  which  will  be  again 
appbcablo  in  discussing  the  healing  of  wounds  in  bones. 

In  healing  wounds,  two  types  have  been  distinguished,  \\z.  hmliiyj  hy 
first  inhnttiHi^  and  hfuling  by  »t€imd  intentum. 

Surgeons  ased  to  consider  moderate  suppuration  a  necessary  part  of  the 
process  of  healing  by  second  intention,  and  regarded  it  as  the  feature  which 
distinguished  the  two  modes  of  heaHng.  Healing  by  second  intention  was 
healing  after  previous  suppuration,  first  intention  being  characterised  by  the 
absence  of  suppuration,  and  therefore  by  a  more  rapid  course.  We  know 
now  that  the  suppuration  is  due  to  external,  accidental  causes,  infection  as  a 
nile,  and  that  it  may  be  avoided,  imder  favourable  conditions,  by  aseptic 
treatment.  In  spite  of  this,  the  terms  first  and  second  intention  are  still  in 
general  use. 

The  shape  and  extent  of  the  wound  and  the  condition  of  its  margins  have 
an  important  bearing  on  the  course  of  healing. 

Clean-cut  incised  iwunfL<  whose  margins  have  not  been  injured  heal  most 
quickly.  If  the  margins  of  such  wounds  be  carefully  apposed,  even  large  and 
deep  incisions  will  heal  within  a  few  days.  In  abdominal  operations  (laparotomy) 
the  walls  of  the  alKlomen  are  divided  throughout  their  entire  thicknt^ss,  the 
incision  being  often  20  or  2o  centimetres  long.  Under  favouraljle  circum- 
stances this  extensive  incision  heals  so  qaickly  that  the  patient  is  able  to 
leave  his  bed  within  twelve  to  twenty  days.  This  result  is,  of  course,  only  to 
be  obtained  by  preventing  any  toxic  or  infectious  action  on  the  margins  of  the 
wounds,  i.e.  by  thoroughly  aseptic  ircutmenf. 

Any  "  loss  of  tissiie  "  which  in  ronvedcd  into  a  linear  wmtrtd  by  the  chse  app)sitimi 
of  living  tissu€^%  cweral  with  epithelium  fxternally,  heals  in  a  similar  manner.  In 
this  case,  also,  the  wound  will  close  in  as  short  a  time  as  other  incised  wounds 
if  all  infective  and  toxic  complicatiotis  are  successfully  avoided. 

The  healing  of  such  incised  woKiul.'i  ami  "  t<fSM.^'  of  tissue"  tfs  I'efiuirc  r.dah'nve 
regeruration  of  tissue  is  a  much  slower  process.  This  class  inclutles  widely  gaping 
incised  wounds  and  losses  of  tissue  with  healthy  margins,  aufl  also  incisions  and 
losses  of  tissue  whose  margins  are  more  or  less  necrosed  by  the  action  of  toxic 
or  infective  agents,  or  by  suppuration  and  other  infective  diseases  of  wounds. 
The  necrose<l  tissue  must  slough  off  before  the  wound  can  close,  and  this 
sloughing  involves  further  loss  of  tissue.  The  woumi  gain-s  and  can  only  be 
filled  up  by  a  great  formation  of  new  tissue. 

Thia  formation  of  new  tissue  in  gaping  wounds  of  all  kinds  was,  until 
comparatively  recently,  always  associated  M'ith  snppuration,  because  the  causes 
of  suppuration  were  unknown,  and  it  was  therefore  unavoidable.  It  can  thus 
be  easily  seen  why  suppuration  was  regarded  as  the  dLstinguishing  feature  of 
healing  by  second  iutentiou.  More  modern  experiences  prove,  however,  that 
even  the  larger  losses  of  tissue  may  he  filled  up  by  new  connective  and  cicatricial 
tissue  without  real  suppuration  appearing.  Small  quantities  of  coagulable 
exudation  containing  a  few  leucocytes  are,  of  course,  invariably  found  in  such 
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cases,  but  they  in  no  way  disturb  or  delay  the  progress  of  healing.  In  incised 
wounds  they  actually  aid  in  the  primary  cohesion  of  the  margins. 

The  conclusion  is  thus  arrived  at  that  an  uncomplicated  process  of  healing 
ia  normal  after  incised  wounds  and  loss  of  tissue,  and  that  suppuration  and 
necrosis  of  the  margins  of  the  wounds  are  complications.  At  the  same  time, 
we  learn  that  the  usual  processes  of  healing  in  incised  wounds  and  in  loss  of 
tissue  show  no  essential  differences. 

T.  Hunter,  Macartney^  Thiersch,  and  others  have  asserted  with  regard  to 
the  healing  of  linear  incisions  that,  in  many  cases,  the  surfaces  of  the  wound 
may  unite  so  closely  that  the  line  of  the  wound  is  indistinguishable  after  a  few- 
days,  and  can,  at  most,  only  be  recognised  by  certain  alterations  in  the  position 
of  the  f>art8.  Dxrtct  union  of  Vie  separated  jiarh  uithout  the  formation  of  ckatricml 
tissue  is  sup/med  to  be  possible;  this  riew  has  as  yet  received  no  conclusive 
demonstration.     Even  the  very  interesting  experiments  of  Graser,  who  was 
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Fio.  SSfiw—lnciBed  wonnJ  in  the  inodian  line  of  the  alMlotniiial  w«U«  from  n  case  of  laparotomy.  H,  The  hkin  ; 
F,  HuLcataneoas  fatly  tissue  with  fiuiciiL-  anrl  counoctivB  tixiiiM)  septa;  ^f,  mnscloji ;  /',  jwritouKUm.  o, 
Boiu«  tobulea  of  fut  whl<;h  liavo  been  sewn  in  between  the  rnarsiBB  of  the  wound  ;  b,  Intuml  jiort  uf  n  tUtcb ; 
r,  line  of  the  wound.  Tlie  niimiw  dark  lines  in  Mm  «kin,  the  ^ubcntaneouH  tissue  and  Uie  (kcelc  curr»> 
spend  lo  h&lr  roots,  gebac«oua  glands,  twuat  glAndii,  ft.nd  tha  lAT^er  brkochea  uf  the  bU)0d-v«H9«l«,  in  the 
nelgh1x>urhood  of  which  there  are  trice*  of  iDtlUrntlOD  with  bdmU  cells.  Whoraver  exudation  cells  are  to 
tie  found  in  the  lino  nf  the  wound  they  are  rapresented  in  the  drawiDg.  The  dork  reticular  markings  c»o  tJM 
Itoritooaal  anpt^ct  of  the  mi^ldle  portion  of  the  abdominal  wallii  an  aUo  due  to  Uie  acciiinaUtlon  of  aamU 
rouDd  ooUa,  cbi'Prly  lymphoid.  Thn  ca»e  i«  that  of  a  boy  on  whom  laparotomy  waa  perf»mio«l  Vy  t.  Wthl 
after  a  gutl-ahot  wound  in  the  abdomen.  The  wound  waa  kept  aseptic.  Death  eiuaed  t)ire«  rUya  afUr 
oparation  (torn  hemorrhage  from  the  superior  mMenteifc  artery,  which  had  been  ii\jiu«d  by  the  shot,    x  S'l. 

able  to  prmluce  direct  adhesion  between  two  layers  of  peritoneum  which  had 
been  sewn  together,  have  not  helped  to  support  it.  The  union  of  the  layers  of 
peritoneum  in  these  experiments  waa  duo  to  growth  of  the  endothelium  covering 
the  peritoneum,  it',  to  a  new  formation  of  tissue  in  which  the  endothelium  WM 
transformed  into  ordinary  connective  tissue.  A  new  formation  of  tissue  seems 
to  be  a  really  necessaiy  condition  for  firm  union  of  the  margins  of  the  wound, 
although  it  may  l>e  very  slight  in  amount.  Histological  examination  of  the 
incisions  made  in  laparotomies  shows  that  this  new  formation  of  tissue  greatly 
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depends  upon  the  general  condition  of  the  patient  As  can  be  easily  under* 
atoodj  it  is  only  when  death  occurs  from  hjemorrhage,  sepsis,  pyaemia,  and  other 
pathological  conditions,  that  laparotomy  wounds  ciin  be  examined  histologically 
within  a  few  days  of  opemtion.  In  such  cases  the  wound  is  only  slightly  altered. 
The  surfaces  of  the  wound  are  closely  apposed,  its  line  is  often  hardly  visible* 
Some  strands  of  lymphoid  cells  which  accompany  the  vessels  are  sometimes  all 
that  is  to  be  seen  (Fig.  326).  It  is  otdy  in  parts  where  the  margins  of  the 
wound  are  slightly  apart  that  some  red  and  white  corpuscles,  fibrin,  and  (ten  to 
twelve  days  after  operation)  some  young  connective  tissue  cells  are  found.  In 
addition  to  this,  the  margins  of  the  wound  show  more  marked  infiltration  witli 
small  cells,  as  a  rule,  and  a  delicate  Layer  of  fibrin,  in  which  some  blood  is 
present,  usually  lies  on  the  peritoneal  surfaca  If,  in  such  cases,  the  line  of  the 
wound  is  not  visible  throughout  its  length  two  or  three  days  after  operation, 
this  is  chiefly  due  to  the  close  apposition  of  the  parts  produced  by  the  fiutiu*es, 
but  does  not  certainly  indicate  any  direct  union.  The  more  closely  the  margins 
of  the  wound  are  apposed,  however,  the  more  delicate  will  the  scar  be  when 
healing  is  completed,  and  sometimes  it  really  does  subsequently  become  very 
difficult  to  see  it. 

As  a  rule,  the  healing  processes  in  incised  wounds  are  of  such  a  nature  that 
the  union  of  the  margins  is  not  so  complete  as  that  just  described  (Wywodzofl' 
And  Thiersch).  Some  blood  is  left  between  the  margins  of  the  wound,  with 
which  lymph  and  some  exudation,  due  to  the  local  circulatory  disturbances, 
afterwards  become  mingled.  These  fluids  accumulate  in  the  woimd,  coagulate, 
and  constitute  the  first  adhesion  of  linear  incised  wounds.  The  congestion  of 
the  neighbouring  vessels  continues  to  increase  lor  some  time,  so  that  the  margins 
of  the  wound  become  reddened  and  swollen,  while  great  quantities  of  fluid 
and  leucocytes  pass  out  and  fill  the  tissue  spaces.  The  fixed  connective  tissue 
cells  increase  in  size,  proliferate  and  produce  fibroblasts,  while  the  capillaries 
near  the  wound  dilate,  send  out  buds  and  processes,  and  thus  bridge  over  the 
wound.  Finally,  a  narrow  strip  of  connective  tissue  between  the  margins  of 
the  wound  is  formed  from  these  tissue  elements ;  while,  at  the  same  time,  the 
epithelium  proliferates  and  covers  over  the  young  cicatrix  externally.  The 
connective  tissue  of  the  cicatrix  afterwards  becomes  old  cicatricial  tissue 
containing  very  few  cells. 

The  amount  of  tissue  produced  in  the  floor  and  margins  of  wounds  where 
tisswi  has  been  dtstrotjed  or  removed  is  very  much  greater.  In  this  case  also  the 
surface  is  first  covered  by  a  thin  layer  consisting  of  coagulated  blood  and  lymph, 
afterwards  reinforced  by  small  quantities  of  fibrinous  exudation.  The  phenomena 
of  local  circulatory  reaction  are  seen  in  the  neighbourhood  at  the  same  time. 
The  margins  of  the  wound  become  red  and  swollen,  and  under  the  microscope 
a  moderate  amount  of  emigration  of  leucocytes  from  the  vessels  can  be  seen. 

The  reddening  of  the  parts  about  the  wound  begins  within  a  few  minutes 
after  the  injury,  continues  to  develop  for  a  few  hours,  and  then  remains 
etationar}\  In  the  course  of  seventy  or  ninety  hours,  reckom'ng  from  the 
time  of  the  injurj',  a  new  phenomenon  appears,  which  is  specially  easily  observ'ed 
in  the  capillaries  of  the  tongue  of  the  rabbit  and  dog,  owing  to  their  peculiar 
distribution.  The  redness  lessens  in  the  parts  a  little  removed  from  the  wound, 
but  increases  in  its  margins.  The  capillaries  in  the  immediate  neighbourhood 
of  the  wound  and  the  arteries  which  supply  them  dilate  very  greatly  (Fig.  327). 
It  would  almost  seem  that,  according  to  the  first  histo-mechanical  principle,  the 
dilatation  of  the  vessels,  which  occurs  as  a  local  circulatory  disturbance,  is  alone 
the  cause  of  this  phenomenon.     It  might  be  supposed  that  the  dilatation  of  the 


HEALING  BY  GRANULATION 


vessels  iiicreased  the  rate  of  flow  of  the  hlood,  am!  this,  according  tu  the  first 
histo-mechanical  principle,  pr<xiuced  active  growth  of  the  capiilar>'  wall 

It  must  he  remembered,  however,  that  the  injury  figured  in  Fig.  327  could 
not  be  treatc<l  useptically.  This  expkius  the  large  accumulation  of  fibrino- 
pumlent  discharge  (</,  (0.  the  necrosis  of  the  superficial  layers  of  the  margins 
of  the  wound  {/;,  h\  and  also  the  fairly  large  accumulation  of  emigrated  multi- 
nucleated leucocytes  which  can  be  seen  under  a  high  power  in  the  margins  of  the 
wound.  The  emigration  indicates  a  previous  slowing  of  the  stream,  and  occurs 
within  half  an  hour  of  the  injury.     The  slowing  of  the  stream  is  due  to  the 
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Fla  817.— Ares  vher»  tiuae  luw  b««n  iwaoved  tfoim.  tba  domuui  nf  a  frof^'a  umgua  iiev«uly-l)ve  famirs  fit«r  tlM 
injury.  The  blood-voMels  of  the  tongue  were  injected  witb  Dtrliu  bluo  and  geUtloe.  d,  «,  Dl«clijus«  fnn 
thp  wotind  ;  &,  &,  zodo  of  necnwed  tifl«ne.    %  24. 


fact  that  the  great  dilatation  of  the  arteries  in  the  margin  of  the  wound,  which 
is  present  in  the  early  stage,  is  somewhat  lessened  subsequently,  while  the  vein* 
and  c^ipillaries  remain  comparatively  dilated.  Further  causes  are  the  obstruc- 
tion of  the  lumen  of  the  capillaries  and  veins  by  leucocytes  which  have  adhered 
to  their  walls,  and  the  increase  of  the  permeability  of  the  walls.  This  was 
fully  described  in  discussing  emigration.  Although,  in  spite  of  this,  the  stream 
is  accelerated  ixi.  some  of  the  capillaries,  as  may  sometimes  be  seen  distinctly  in 
living  preparations,  still  this  fact  cannot  be  the  cause  of  a  process  which  occun 
so  regularly  and  so  invariably,  since  it  is  to  a  certain  extent  an  exception  to  th« 
iisual  condition  of  the  blood-stream. 

In  considering  the  question  from  the  histo-mechauical  point  of  view,  w« 
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must  therefore  assume  that  the  relation  between  the  rate  of  flow  of  the  stream  and 
the  growth  of  the  vessd  vxUl  is  altered.  The  alteration  in  the  capillaries  in  the 
margins  of  the  wound  is  not  limited  to  an  increase  in  the  permeability  of  their 
walls.  The  ratio  between  the  rate  of  flow  of  the  stream  and  the  growth  of  the 
capillary  wall  is  also  changed.  The  standard  rate  of  flow  at  which  growth  of 
the  vessel  wall  ceases  and  the  vessel  becomes  smaller  is  lowered.^  The  wall  of 
the  vessel  responds  by  active  growth  to  a  comparatively  slow  rate  of  flow. 

This  active  growth  is  chiefly  manifested  by  dilatation  of  the  capillaries  in 
the  margins  of  the  wound,  which  at  first  retain  their  characteristic  arrangement 
(Fig.  327).  It  will  be  assumed,  at  the  same  time,  that  the  amount  of  blood 
flowing  through  the  dilated  capillaries  and  the  arteries  which  supply  them  is 
increased.  The  rate  of  flow  in  the  arteries  increases,  therefore,  and  they  be- 
come dilated.  This  produces  a  rise  of  pressure  in  the  capillaries,  and  thus,  in 
accordance  with  the  third  histo-mechanical  principle,  the  formation  of  new 
capillaries  is  begun.  The  rise  of  pressure  in  the  capillaries  is  all  the  greater 
because  they  are  greatly  dilated.  The  dilatation  of  the  capillaries  is  much 
greater  than  that  of  the  arteries,  as  may  be  seen  from  injected  specimens.  It 
can  therefore  be  also  understood  that  the  rate  of  flow  in  the  capillaries  may  be 
decreased  in  spite  of  the  increased  amount  of  blood  which  flows  through  them. 
The  continued  emigration  of  leucocytes  proves  that  the  rate  of  flow  in  the 
capillaries  is  less  than  normal,  since  this  always  implies  previous  slowing  of 
the  stream.  As  has  already  been  mentioned,  when  the  stream  slows  the 
growth  of  the  vessel  ceases,  and  the  lumen  will  have  the  same  diameter  in  all 
parts  of  the  granulation  tissue  which  are  of  the  same  age. 

The  new  formation  of  capillaries,  due  to  the  rise  in  pressure  in  those 
already  present,  can  be  seen  at  some  points  in  the  vascular  network  in  Fig. 
327,  where  buds  and  loops  of  new  vessels  are  making  their  way  toward  the 
injured  part.  Since,  however,  new  channels  are  thus  provided  for  the  blood 
by  the  new  capillaries,  the  quantity  of  blood  flowing  and  rate  of  the  stream  in 
the  arteries  become  less.     The  series  of  processes  just  described  is  repeated 

1  This  law  may  be  difficult  to  understand.  It  has  been  found  that  the  growth  of  a  vessel  ceases 
and  the  lumen  diminishes  when  the  rate  of  flow  of  the  blood  falls  below  a  certain  limit,  whereas,  if 
the  rate  of  flow  exceeds  this  limit  or  standard,  the  vessel  wall  grows  and  its  lumen  dilates.  If,  in 
the  following  scheme,  the  abscissa  (x)  measures  the  rate  of  flow,  and  the  ordinate  (y)  the  rate  of 
growth  of  the  diameter  of  the  vessel,  the  curve  b,  b,  gives  fairly  accurately  the  relations  of  the  two 


Fio.  828.— Scheme. 

values  under  normal  circumstances.  The  cnn'e  a,  a,  on  the  other  hand,  gives  the  relations  which 
exist  in  the  capillaries  in  the  margins  of  the  wound.  In  this  case  a  slight  increase  in  the  rate  of 
flow  (x)  corresponds  to  considerable  increase  in  the  rate  of  growth  of  the  vessel  (y),  and  the  standard 
rate  of  flow  (x)  at  which  the  curve  of  growth  runs  horizontally,  and  growth  is  therefore  stationary,  has 
become  shorter. 
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until  a  dense  network  of  vessels  is  fonned  in  tbe  floor  and  margins  of  the  part 
from  which  tlie  tissue  has  been  removed  (Fig.  329).  Within  this  network  the 
vessels  which  are  chiefly  selected  by  the  stream  of  blood  become  changed  into 
arteries  and  veins,  exactly  in  the  same  manner  as  in  the  area  vascuJosa  of  the 
chick,  since  the  histo-mechanical  principles  hold  good  for  this  process  also^ 
even  although  the  standard  i-ate  of  flow  in  the  first  histo-mechanical  principle 
has  been  altered.  The  tree -like  arrangement  of  the  branches  of  the  small 
newly-formed  arteries  determines  the  shape  of  the  connective  tissue  masses 
which  are  produced  between  their  capillarieB.  They  appear  as  small,  bright  red 
elevations  or  granulations,  which  may  be  seen  on  the  floor  and  in  the  margins  of 
the  wound,  so  soon  as  the  necrotic  zone  (Fig.  327,  //,  h)  is  separated  by  the  lique- 
faction of  the  parts  which  abut  on  the  granulations. 

The  processes  which  take  place  when  part  of  the  mucous  membrane  of  the 
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.  32(>.— Bliiod-reasols  of  the  grKDiilatlon  ami  cicatricial  tissue  in  the  floor  of  an  injury  which  had  catiaed  a 
loss  of  tlMue  ill  the  tongue  of  &  dug.  gr,  Blood-veta^hi  of  th«>  grannlatiou  tiuuo ;  n&,  blood-wsMla  of  Vtut 
young  cicatricial  tissue ;  nu,  bluod-vesaelB  of  the  inuscleii  of  the  tongue.  The  arteri«fl  may  be  recogniacd 
by  their  greater  tortuosity.  The  veins  appoar  coniparntively  wide,  hecauno  the  Jugtilar  vein  was  tied 
flhorlly  before  the  injection  with  Berlin  bjue  WM  completed.    Six  <Uy»  after  ltO«ry,     x  104. 

palate  of  the  dog  is  removed  are  somewhat  difi'erent  in  the  early  stages.  This 
mucous  membrane,  which  in  many  piu*ticulars  resembles  the  human  akiii  in 
structure,  has  not  the  same  great  development  of  capillaries  that  has  just  been 
described  as  present  in  the  muscles  of  the  tongue.  In  the  floor  of  the  wound, 
therefore,  there  are  comparatively  few  blood-vessels.  These  multiply  in  a  way 
similar  to  those  of  the  tongue  (Fig.  330),  by  giving  rise  to  small  loops  of  vessels 
which,  by  further  growth  and  fresh  formation  of  capiUaries,  produce  a  network 
similar  to  that  represented  in  Fig.  329. 

In  this  case,  however,  the  new  formation  of  capillaries  may  be  observed 
with   comparative   ease.      Between   the    newly -formed  capillaries  (Fig.   330) 
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young  connective  tissue  cells  are  found,  some  of  which  show  karyokinesis. 
The  origin  of  such  cells  cannot  be  demonstrated  with  any  degree  of  certainty. 
It  does  not  appear  improbable  that  they  are  derived  from  the  endothelium  of 
the  newly-formed  capillaries  between  which  they  are  situated.  The  presence 
of  karyokiDetic  figures  in  the  endothelial  cells  of  the  capillaries,  and  their 
acrangement  into  something  like  an  adventitia,  would  seem  to  support  this 
view.  There  is  still  a  second  origin  possible  for  young  connective  tissue 
growth.  The  fibrillar  connective  tissue  of  the  mucous  membrane  between  the 
vessels  (Fig.  330)  is  very  rich  in  connective  tissue  cells,  some  of  which  are 
undergoing  indirect  nuclear  division. 

It  may  therefore  be  assumed  that  the  regeneration  of  the  connective 
tissue,  i.e,  the  new  formation  of  granulation  tissue,  proceeds  from  the  walls  of 
the  vessels  as  well  as  from  the  pre-existing  fixed  connective  tissue  cells.     On 
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F».  830.— Floor  of  an  olcer  rMoltin^  firom  lom  of  subitanoe  of  the  mucoiu  uieuibnn«  of  the  dog's  pA^latr.  n, 
BxndatioD  ;  b,  gnnaLitioa  tlame :  «,  c,  r,  bloodvoHelM  wbicb  b»v«  tortaoH  UUU  in  the  floor  of  the  wound  ; 
<f,  d,  growing  ooonectlv«  tissue  Uyen  of  the  moeoos  membniM  bciwotn  thecit.    X  $10. 

the  other  hand,  the  numerous  nni-  and  multi-nucleated  leucocytes  which  are 
present  in  great  numbers,  especially  near  the  surface  of  the  wound,  show  no 
transition  to  young  connective  tissue  cells.  They  may  be  regarded  as 
emigrated  or  wandering  cells  which  have  come  from  the  vessels.  Some  of 
them  pass  out  on  to  the  surface  of  the  wound,  along  with  the  exudation  ;  others 
break  down  in  the  tissues  and  are  taken  up,  or  eaton  up,  by  the  young 
connective  tissue  cells. 

The  fui'ther  development  of  these  new  growths,  which  are  termed  granula- 
tion tissue,  fills  up  the  place  of  the  lost  tissue  (Fig.  331).  The  part  is 
afterwards  covered  by  skin.  The  growing  rete  Malpighi  pushes  forward  from 
the  margins  of  the  wound  and  covers  the  surface  of  the  granulation  tissue. 
The  superficial  strata  of  this  epithelial  covering  afterwards  become  horny  and 
form  an  epidermal  layer,  which  can  be  distinguished  in  Fig.  33 1  by  its  light  colour. 
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In  the  meantime,  further  changes  are  taking  place  in  the  granulation  tissue. 
In  Fig.  331  the  more  darkly  shaded  part  of   the  connective  tissue   almost 
corresponds  to  the  original  site  of  the  tissue  which  had  been  removed.      While 
the  still  uncovered  granulations,  «,  are  characterised  by  the  great  numbers  of 
vessels  and  nerves  they  contain,  the  vessels  and  ceUs  in  the  parts  vp^hich  are 
situated  deeply  beneath  the  granulations,  and  in  the  part  of  the  preparation 
which  is  covered  by  epithelium,  diminish  somewhat  rapidly.     This  decrease  in 
the  celb  is  probably  only  relative,  and  is  due  to  the  development  of  lai^e 
quantities  of  fibrillar  intercellular  substance.     In  any  case,  a  large  amount  of 
fibrillar  and  homogeneous  intercellular  substance  may  be  observed,  and    the 
granulation  tissue  thus  becomes  yormg  cicatricial  tissue.     This  is  composed  of 
interlacing  bundles  of  connective  tissue  fibrillse,  on  whose  upper  surface  lie  flat 
connective  tissue  cells,  and  of  blood-vessels  with  more  or  less  well-developed 
adventitia.     This  adventitia,  which  is  probably  derived  from  the  endothelium 
of  the  blood-vessels,  is  usually  much  more  marked  round  about  the  capillaries 
of  the  granulation  and  cicatricial  tissue  of  chronic  ulcers  on  the  leg  (Fig.  332). 
It  may  be  that  the  high  pressure  in  the  vessels  of  the  leg  (see  p.  228)  is 
the  cause  of  this  appearance.     In  any  case,  this  peculiarity  also  suggests  the 


Fio.  SSI.— Granulating  ulcer  from  the  mucous  membrane  of  the  dog.   The  epithelium  is  beginning  to  grow  over, 
a,  Rcto  Malpighi ;  b,  epidermis ;  c,  granulation  tissue ;  d,  flbrino-purulent  discharge  from  the  wound.    x21. 


double  origin  of  cicatricial  tissue,  from  the  endothelium  of  the  vessels  and  from 
the  connective  tissue  cells. 

The  diminution  of  the  number  of  vessels  in  the  granulation  tissue  when  it 
becomes  young  cicatricial  tissue  is  of  special  interest.  This  is  distinctly  seen 
in  Figs.  331  and  329.  It  seems,  like  the  decrease  in  the  cells,  to  be  partly 
the  simple  result  of  the  secretion  of  an  intercellular  substance  which  separates 
not  only  the  cells,  but  the  capillaries  also.  The  cicatricial  tissue,  however, 
loses  so  much  of  its  vascularity,  that  we  are  forced  to  assume  that  there  is  a 
retrogressive  change  in  some  of  the  newly-formed  vessels. 

As  regards  the  histology  of  this  retrogressive  process^  I  may  point  out  that, 
according  to  my  researches  on  the  area  vasculosa  of  the  chick,  the  same  series 
of  events  is  gone  through  when  the  vessels  are  diminishing  as  when  they  were 
increasing,  but  in  reverse  order.  This  result  may  be  looked  upon  as  only 
appro3rimately  correct,  since  the  investigations  are  not  yet  completed.  The 
histo-mechanical  aspect  of  the  problem,  on  the  other  hand,  can  be  easily  settled 
by  reference  to  what  has  already  been  stated.  The  retrogression  of  the  vessels 
of  the  young  connective  tissue  is  due  simply  to  the  fact  that  the  standard  rate 
of  flow  at  which  the  growth  of  the  vessels  ceases  and  diminution  begins,  is 
again  at  its  original  height,  i.e.  is  raised.     All  the  histo-mechanical  processes 
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already  described  are  gone  through  in  reverse  series.  The  capillaries  are 
narrowed  and  some  of  the  ncwly-foi-nied  connective  ttssxie  disappears,  although 
the  capillary  network  as  a  whole  maintains  the  character  of  a  re^^darly 
formed  system. 

If  we  compare  the  new  fomiation  of  tissue  at  parts  where  there  has  been 
loss  of  substance  with  the  healing  process  in  a  simple  incised  wound,  it  will  be 
seen  that  tliey  are  very  similar.  One  important  difterence  is  that  much  less 
newly-formed  tissue  is  necessary  in  the  healing  of  an  incised  wound  whose 
margins  have  been  closely  apposed.  The  healing  process  is  therefore  much 
shorter.  If,  on  the  other  hand,  tbe  margins  of  an  incited  wound  are  allowed 
to  gape,  granulations  form  in  the  same  way  as  after  the  destruction  of  a  piece 
of  tissue. 

Tlie  formation  of  new  tissue  in  incised  wounds  or  after  loss  of  substance 
may  he  regarded  as  an  outcome  of  the  power  of  regeneration  possessed  in 
varying  degree  by  all  liWng  organisms.  It  ought  to  be  pointed  out  here, 
however,  that  the  relation  between  nQtritio2i,  function,  and  new  formation  of 
the  tissues^  which  was  first  stated  by  Virchow,  and  has  already  been  mentioned 
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Fio.  83S. — From  a  chronic  nicer  on  the  kg  in  man.  A^  Slightly  cefleiualoaa  granulation  Uitstie,  sboMing  a 
capUlary,  noinflroiu  young  connective  tiaiue  cells  with  coiiimDnclng  tlbriilation,  a  mtiltiDUClrated  Ittu- 
oocyte  and  one  with  a  lionie4hoe-ahape(ll  iiuc1«ds.  £,  Youug  cicatricial  tiirane,  connective  tlB»no  cells, 
and  connective  tissue  bnadlea  of  ttbriUo?.  Longitudinal  section  or  a  capillary  with  thick  advf»ntitia. 
A  uiultinacleated  leucocyte,    x  070. 


in  the  general  account  of  the  disturbances  of  nutrition,  also  exercises  a  deter- 
mining influence  in  this  process.  We  learn  from  experience  that  active  new 
formation  of  tissue  ceases  as  soon  as  the  defect  in  the  tissues  is  filled  up.  It 
also  appears  that  the  direction  of  the  fibres  of  the  cicatricial  tissue  is  always 
adapted  to  tbe  prevailing  pull  or  tension  which  acts  upon  it.  Under  ordinary 
circumstances  it  may  he  ;iussumcd  that  it  is  the  function  of  the  tissue  which 
determines  how  much  new  tissue  shall  be  found.  The  granulations  in  the 
base  of  the  wound  in  the  skin  grow,  as  a  rule,  until  they  reach  the  level  of  the 
surface  of  the  skin.  They  then  become  covered  by  skin,  and  the  furtlier 
histological  changes  are  confined  to  an  alteration  of  the  previously  formed 
tisstie  which  fits  it  for  the  function  required. 

Two  exceptions  to  tliis  rule  must  be  mentioned.  Wo  learn  from  obser- 
vation that  the  granulations  may  grow  in  excess  and  project  beyond  the 
surface  of  the  skin  (c/rro  Inxurvms).  This  condition  is  observed  cither  when  dead 
foreign  bodies  (bullets,  shreda  of  clothing,  etc.)  are  present  within  suppurating 
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wounds,  and  keep  up  the  suppuration  and  a  marked  degree  of  hypera?mia  of 
the  vessels,  or  when  microbes,  the  tubercle  bacillus  more  especially,  act  in 
similar  fashion.  Gmnuktion  or  cicatricial  tissue  may  also  undergo  tumoiu*- 
like  growth  (h'loid).  Satisfactory  reasons  for  such  occurrences  cannot  be  given 
at  present.  We  can  only  state  the  fact  that  in  this  case  the  growth  of  tissue 
exceeds  the  limits  which  are  fixed  under  ordinary  circumstances  by  the 
relations  between  nutrition,  new  formation,  and  function  of  the  tissues  j  that,  in 
other  words,  the  new  formation  of  the  tissue  is  to  a  certain  extent  independent 
of  the  laws  which  govern  the  parts  on  which  it  grew.  After  some  time  the 
cicatricial  tissue  which  has  closed  a  wound  may  come  to  resemble  the  normal 
tissue  about  it  so  completely,  that  it  may  he  more  or  less  difficult  to  recognise 
the  site  of  the  injur}'.  This  occurs  especially  in  small  incised  wounds  whose 
margins  have  been  carefully  apposed.     In   cases   where   a  large   amount   of 


Fta.  3S3.— GangroDe  of  the  foot  ttom  fKMtt-biU,  with  Udq  of  deumreatioa. 


cicatricial  tissue  is  required  to  fill  up  an  incised  wound,  or  the  apace  left  by 
destruction  of  tissue,  cimtruial  cmitradkm  appears.  The  ceUs  and  blood-vessels 
of  the  young  cicatrix  undergo  further  diminution,  and  the  intercellular  sub- 
stance shows  slow  but  very  strong  contraction.  After  the  loss  of  large  areaft 
of  tissue  this  occurs  before  the  epithelium  grows  over  to  form  a  skin^  and  tends 
to  bring  the  margins  of  the  wound  together  and  thus  to  hasten  the  closing  of 
wound.  On  the  other  hand,  the  contraction  of  the  cicatrix  frequently  causes 
great  deformity  of  the  parts,  -whether  it  occurs  before  or  after  the  skin  haa 
grown  over  the  wound.  In  extensive  bums  and  scalds  the  skin  necroses 
and  is  sloughed  off  over  large  areaa.  Tlie  loss  of  tissue  is  healed  by  new 
formation  of  granulation  and  cicatricial  tissue  and  by  the  growth  of  young 
epidermis.  The  contraction  of  the  scar  in  these  cases  is  very  considerable  and 
produces  great  deformity,  especially  in  the  extremities,  since  the  tense 
cicatricial  tissue  may  fix  the  limb  in  strong  flexion  or  extension.     If,  in  such 
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cases,  the  contraction  occurs  before  tlio  wound  is  completely  covered  over  by 
epithelium,  it  can  be  seen  clearly  that  the  formation  of  new  tissue,  and 
therefore  the  process  of  healing,  is  much  delayed. 

New  formation  of  granulation  and  cicatricial  tissue  accompanies  very  many 
diseases  of  the  internal  organs,  the  granulation  tissue  being  distinguished 
frequently  by  the  great  number  of  uni-  and  multi-nucleated  lymphoid  cells  it 
contains.  In  these  cases,  also,  considerable  contraction  of  the  scar  usuaUy 
occurs  and  greatly  impairs  the  function  of  the  organ.  This  is  a  condition 
which  recurs  frequently  in  these  organs,  and  will  therefore  be  often  referred  to 
in  the  special  part  of  this  work. 

Lastly,  it  may  be  mentioned  here  that  the  occurrence  of  suppuration 
greatly  delays  the  healing  of  a  wound.  This  ie  due  to  the  fact  that  the 
chemical  action  of  the  pus  always  causes  a  vai-ying  amount  of  necrosis  in  the 
margins  of  the  wound.  This  necrosis  of  the  superficial  part  of  the  granulation 
tissue  is  only  arrested  when  the  gi'anulations  have  been  rendered  very  highly 
vascular  by  the  action  of  the  pus.  The  copious  supply  of  nutrient  fluids  with 
bactericidal  properties  weakens  the  action  of  the  pus,  so  that  healing  of  the 
wound  is  possible  notwithstanding  this  action. 

In  this  case,  however,  the  healing  is  always  preceded  by  shmghinf;  of  the 
necrotic  parts — that  is,  by  flemarmtion.  This  takes  place  by  liquefaction  of 
the  necrotic  parts  adjoining  the  granulations  (Fig.  327),  It  is  probable  that 
this  liquefaction  is  pro<hiced  by  unformed  ferments  pre-existing  in  the  tissues. 
The  bacteria  of  suppuration  also  appear  to  be  able  to  produce  these  enzymes. 
Similar  liquefaction  occurs  in  extensive  necrosis  of  tissue  due  to  any  other  cause. 
Fig.  333  illustrates  such  a  line  of  demarcation  in  a  frost-bitten  foot.  The 
jiortion  of  the  foot  which  has  died  is  blackish-gray  in  colour.  The  necrotic  part 
is  separated  by  a  deep  groove  from  the  living  tissue.  This  groove  is  lined  by 
granulations,  is  irregularly  formed,  and  extends  deeply  into  the  tissues.  Whei) 
no  complications  are  present,  it  brings  about  complete  separation  of  the  necrotic 
from  the  living  parts.  The  groove  is  produced  by  Hquefaction  of  the  necrosed 
part  at  its  junction  with  the  granulations. 
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(e)  Neoplasia  and  Metaplasia  of  Adipose,  Mucoid,  Cartilaginous,  and  Osseoua  Tiasnea 

The  connective  tissue  group  includes  a  further  series  of  tissue  formations  or 
progressive  metamorphoses,  for  which  a  coiupacatively  simple  description  will 
suffice. 

New  fdrrmiiifm  of  fat  has  already  been  mentioned  in  the  considei-ation  of 


NEW  FORMATION  OF  MUCOID  TISSUE 


495 


lipomatosis  or  adiposity.  There  it  was  regarded  in  relation  to  disturbance 
of  metabolism,  either  general  or  when  limited  to  single  organs.  It  also  occurs 
independently  as  a  tumour,  lipoma. 

Normal  subcutaneous  fatty  tissue  is  developed  in  groups  of  round  and 
polyhedral  cells,  arranged  in  grape-like  clusters  and  provided  with  numerous 
capillaries.  The  protoplasm  of  tbo  cells  is  coarsely  granular.  According  to 
the  investigations  of  Altmann  and  Metzner,  the  fat  is  first  deposited  as  small 
rings  or  thin  spheres  round  the  granules  contained  in  the  protoplasm  of  the 
cell  It  then  flows  together,  first  forming  small^  then  large  drops,  which  distend 
the  body  of  the  cell  like  a  bladder. 

The  same  histogenetic  process  is  observed  in  pathological  new  formation  of 
fatty  tissue  (Fig.  SSI).  The  granular  connective  tissue  cells,  either  rounded 
in  form,  or  polyhedral  from  compression  of  surrounding  tissues,  in  which  the 
fat  is  deposited,  are  generally  found  in  the  vicinity  of  large  or  small  blood- 
vessels. They  have  the  characters  of  AVakleycr'a  plasma  cells  of  the  connective 
tissue.  By  multiplication  of  these  cells  unrl  the  dejKisit  of  fat  within  them, 
small  and  large  clusters  of  fat  cells  are  formed  and  sometimes  large  masses  of 
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Fio.  834. — Fonnatiou  of  new  fatty  tiaaue.    c,  c,  c,  CapUliiriba  ;  /,  /,  /,  ibL  coils.     From  ii  UbroniA  llpomatCKlca 
of  the  Hubcutatieouis  celltiliu' tUiiae.    xTM. 


fatty  tissue.  According  to  Flemming's  investigations,  the  flat  connective  tissue 
cells  may  also  be  transfoi-med  into  fat  cells  by  storing  up  fat. 

((?)  Xf'w  fitrmati(ffi  of  muroid  tissttn  takes  place  in  many  cases  by  a  primary 
fonaiation  of  granulation  tissue  which  is  gradually  transformed  not  into  connec- 
tive but  into  mucoid  tissue.  These  transformations  can  be  easily  understood  if 
the  typical  mucoid  structure  of  a  myxomji,  as  it  appears  in  Fig.  335,  is  com- 
pared with  the  granulation  of  a  chronic  ulcer  on  the  leg,  which  is  slightly 
cedcmatous  as  the  result  of  general  or  local  circulatory  cb'sturbance  (Fig.  332). 
A  moderate  increase  of  the  homogeneous  intercellular  substance  of  the  granula- 
tion tissue  and  of  the  mucin  it  contains  would  be  suflicient  to  convert  it  into 
myxomatous  tissue. 

(ff)  In  other  cases  myxomatous  tissue  may  arise  by  n(((t<plusM,  as  when 
conwctife  tusue  is  converted  into  mtfxemaious  tissue  by  the  development  of  a  lai'gc 
quantit}^  of  homogeneous  intercelluJar  substance  containing  mucin.  Faiti/  tUstte 
aho  is  ftrqnenth/  tmnsformnf  into  )ujfX(/mataus  fi.s.sue.  The  fat  and  fat  cells 
disappear,  and  the  tissue  which  reraain.'s  assumes  the  character  of  the  soft, 
semi-lluid  intercellular  substance  of  mucoid  tissue  (Fig.  336). 

Pathological  newfannati^m  of  cariila'jc  arises  either  from  connective  tissue  or 
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protoplasm,  aro  found  in  the  connective  tissue,  and  these  afterwards  secrete  a 
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hyaline  cartilaginous  intercellular  substance.     This  is  observed  more  e&peciolljr 
duiing  the  healing  of  a  fracture  in  the  periosteum  of  the  broken  bone  and  in 
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it«  neighbourhood  (Bajardi,  Krafft,  Kaasowitz).  Schleicher,  G.  Schwalbe  and 
Sieveking  have  further  demonstrated  that  cartikge  cells  divide  under  normal 
and  pathological  conditions,  and  can  originate  new  int-ercellular  substance. 

The  processes  of  metaplasia  are  of  great  import^mce  for  the  origin  and 
growth  of  cartilaginous  tissue.  This  is  not  only  observed  in  the  perichondrium 
of  normal  growing  cartilage  (G.  Schwalbe,  Sieveking),  but  may  also  be  demon- 
strated in  the  regeneration  after  loss  of  substance  in  cartilage,  and  also  in  the 
formation  of  cartilaginous  tumours.  \Vhile  the  perichondrium  is  actively 
growing,  its  fibrillar  intercelluliir  substance  becomes  gradually  converted  into 
the  hyaline  intercellular  substince  of  cartilage,  and,  at  the  same  time,  the 
connective  tissue  cells  of  the  perichondrium  are  changed  into  cartilage  cells 
(Fig.  337). 

In  enchondromattt  these  processes  are  found  in  the  connective  tissue  septa 
which  penetrate  the  tumour.     It  must  be  mentioned,  however,  that  the  peri- 
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chondrial  connective  tissue  shows  the  same  gradual  transition  into  cartilaginous 
tissue,  even  although  cartilage  does  not  continue  to  be  formed.  No  conclusion, 
therefore,  can  be  drawn  from  the  position  of  the  cells  as  to  the  order  in  which 
they  develop.  The  microscopical  appearances  are  only  of  importance  as  a  proof 
of  met-aplasia  if,  at  the  same  time,  the  cartilage  can  be  otherwise  distinctly 
shown  to  be  increasing  in  bulk.  The  preaeoce  of  mitosis  in  such  cases  would 
help  to  make  the  proof  complete. 

Fig.  337  will  explain  the  metaplasia  between  cartilaginous  and  myxomatous 
tissues.  In  this  figure  the  star-shaped  branching  form  of  the  cells  is  unusual. 
The  intercellular  substance  is  relatively  soft  and  has  more  mucin,  but  otherwise 
shows  all  the  macroscopical  character  of  the  int<crcellular  substance  of  cartilage. 
It  has  the  consistence,  the  opalescent,  semi-translucent  appearance,  and  the 
ehisticity.  Obviously,  a  further  increase  in  the  water  and  mucin  of  the 
intercelluiar  substance,  with  the  presence  of  a  lew  fibrils,  would  suffice  to 
convert  the  tissue  into  mucoid  tissue. 

Pathological   n«to  formation  of   08teoua  and  osteoid  tissue  has   been   very 
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greatly  to  be  desired.  Id  ibis  case  there  is,  as  a  rule,  only  a  slight 
of  cartikgo,  aiifl  this  rapidly  changes  into  the  osteoid  tissue  which  will  shortlj 
Ikj  dcftcrilnid.  In  adult  human  Iwnes  it  is  only  when  the  fractured  ends  touch, 
>Mit  are  imperfectly  fixed,  so  that  they  undergo  much  change  of  position,  that  % 
largo  <]U;ifitity  of  cartilaginoas  tissue  is  developed  at  the  site  of  the  fractura 
In  the  further  course  of  healing  of  a  fracture  the  cartilaginous  callus  becomes 
vaBcularii^ed  by  the  invasion  of  a  large  number  of  capilkry  loope  (Fig.  338). 
These  capillary  loops,  in  regair]  to  their  formation,  have  many  points  io 
common  with  the  capillaries  of  granulation  tissue.  This  is  seen  most  distinctly 
in  the  examination  of  injected  preparations  in  somewhat  thick  sections,  in  whidk 
the  connections  of  the  branches  are  better  preserved  (Fig.  339). 

Here,  also,  the  rapidly  growing  vessels  are  of  large  calibre,  so  that  the  same 
histo- mechanical  explanation  might  be  repeated  here,  as  was  given  in  conoectioo 
with  the  granulation  tissue  of  wounds.    As  the  cartilage  becomes  Tascular,  it  is 
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substance  which  soon  takes  up  lime -salts.  In  this  manner  the  concentric, 
laminated  layers  of  bone  arise.  This  process  may  be  called  the  neoplastic 
formation  of  bone,  replacing  cartilaginous,  osteoid,  or  osseous  tissue  which  has 
arisen  by  metaplasia. 

Osseous  tissue  is  formed  from  connective  tissue  in  the  same  manner.  A 
series  of  osteoblasts  are  formed  round  about  the  blood-channels,  and  these,  by 
the  secretion  of  intercellular  substance  containing  limensalts,  give  rise  to  lamellar 
osseous  tissue. 

A  review  of  these  processes  shows  that  pathological  and  physiological  new 
formation  of  bone  agree  in  all  essential  points,  as  has  been  demonstrated  by 
the  researches  of  Virchow,  Miiller,  Qegenbaur,  Kolliker,  Strelzofi^  v.  Ebner, 
Langer  and  Kassowitz.  It  must,  however,  be  mentioned  here  that  new 
formation  of  bone  is  always  associated  with  partial  absorption  of  the  new  osseous 
tissue.  The  mechanical  causes  which  determine  this  process  of  absorption  will 
be  more  completely  discussed  in  the  consideration  of  fractures  of  hone.  It  is, 
however,  desirable  to  note  here  that  this  absorption  is  also  effected  in 
pathological  conditions  by  giant  cells,  the  osteoclasts  of  Kolliker.  Bounded 
indentations  and  lacunae  (Howship's  lacunse)  are  formed  on  the  surface  of  the 
bone,  and  within  these  the  giant  cells  are  found  in  greater  or  less  number  (Fig. 
343).  By  the  increase  and  confluence  of  the  lacunse  a  very  considerable 
amount  of  bone  is  often  reabsorbed. 
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(f)  New  Fonoatian  of  Mnsde  and  Nerve 

(a)  The  researches  of  Kolliker,  Forster,  and  others  had  led  to  the  conclusion 
that  rusw  formation  of  nonrstriated  musde  may,  under  certain  conditions,  take  place 
by  the  transformation  of  the  yoimg  cells  of  connective  or  granulation  tissue 
into  non-striated  muscle  fibres.  The  investigations  of  Neumann  have  caused 
this  view  to  be  almost  completely  given  up.  In  my  opinion  it  contains  a  fact, 
however,  which  should  not  be  completely  overlooked — that  is,  the  occurrence  of 
numerous  rounded  formative  cells  in  rapidly-growing  myomata  of  the  uterus 
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which  may  possibly  be  eoQcerned  in  the  new  fonnation  of  the  non-striated  muscle. 
This  woiUd  be  a  new  formation  of  non-striated  muscle  developed  in  the  same 
manner  as  in  the  embryo. 

The  obseiTations  on  regenerative  pathological  new  formation  of  non-striated 
muscle  are  of  comparatively  recent  date.  JakimoWtsch,  Stilling  and  Pfitzner, 
Buaacbi,  Ritschl  and  Poggi  produced  wounds  and  localised  destruction  ci 
tissue  in  the  muscular  coat  of  the  stomach  and  uterus  in  cold  and  warm-blooded 
animals,  and  afterwards  closely  studied  the  healing  process.  By  these  means 
it  was  found  that  the  wounds  were  closed  by  a  new  formation  of  cicatricial 
tissue,  and  that  a  very  limited  regeneration  of  non-striated  muscle  occiured  at 
the  same  time.  The  nuclei  of  the  muscle  fibres  at  the  margins  of  the  wound 
showed  karyokinesis,  followed  by  transverse  division  of  the  cell  of  the  muscle 
fibres. 

(J)  Pathological  tieio  formaiion  of  striped  muscle  has  been  studied  more 
particularly  in  injuries  to  muscle  arising  from  external  causes  or  spontaneous 
rupture,  and  especially  in  typhoid  (see  vitreous  degeneration  of  muscle,  p.  389). 
The  discoveries  and  opinions  on  this  subject  have  been  conflicting,  but  the 
theory  that  striped  muscle  could  originate  in  connective  tissue  cells  cannot  be 
maintained.  The  general  conclusion  of  the  investigation  may  be  briefly  stated 
here,  viz.  that  striped  muscle  can  only  arise  from  striped  muscle. 

The  most  important  investigations  on  this  point  are  those  of  Zenker, 
Colberg,  Waldeyer,  Weber,  Neumann,  Peremeschko,  Kraske,  Leven,  Zaborowaki, 
W.  Felix,  Nauwerk,  Robert,  Barfurth,  Kirby  and  Bud.  Volkmann.  From  these 
it  may  be  learned  that  many  distioveries  have  been  made,  in  the  study  of  regenersr 
tion  of  muscle  after  injury,  which  will  be  explained  here  as  briefly  as  possible. 
Progressive  metamorphosis  of  striped  muscle  begins  with  a  muliiplimtion  fty 
k(ir^(/mii4>$is  of  the  nuclei  within  iht  sarcoUmma.  But  the  increase  in  nuclei  does 
not  prove  that  a  new  formation  of  muscle  fibres  is  beginning.  Proliferation  of 
the  muscle  nuclei  is  also  observed  in  atrophy  of  muscle  (Erb,  Friedreich,  Zakn), 
and  after  division  of  nerves  (Bizzozero  and  Golgi)  or  tendons  (Kraus). 

In  regeneration  of  muscle,  however,  a  new  formation  of  cell  protoplasm 
follows  the  multiplication  of  the  nuclei.  This  is  most  easily  traced  in  the 
regeneration  of  muscle  in  typhoid,  when  the  muscle  has  been  ruptured  or  has 
undergone  vitreous  degeneration.  An  outgrowth  of  the  torn  portion  of  the 
sarcolemma  contents  is  here  observed  (Fig.  344,  A)^  and  between  the  hyaline 
lumps,  produced  by  the  splitting  of  the  muscle,  masses  of  protoplasm  appear 
showing  many  nuclei,  and  in  some  places  an  indication  of  striation  (Fig.  344, 
B),  These  are  partly  in  connection  with  the  growing  end  of  the  intact 
portion  of  the  torn  muscle,  but  as  a  rule  such  a  connection  cannot  be 
demonstrated.  The  possibility  must  not  be  forgotten  that  nuclear  and  proto- 
plasmic material  with  the  power  of  proliferation  may  still  be  present  in  the 
disintegrated  portions  which  have  become  hyaline.  While  the  growing  proto- 
plasmic areas  are  extending,  the  hyaline  masses  become  gradually  absorbed, 
and  in  this  way  a  new  muscle  fibre  is  formed  {Fig.  344,  C,  D).  These 
discoveries,  together  with  some  others  which  will  be  mentioned  later,  were 
made  by  0.  Weber  and  Neumann  in  the  study  of  the  regeneration  of  muscle. 
Neumann,  however,  was  the  first  to  recognise  their  proper  significance  when  he 
styled  the  process  *^musck  budding."  Later  authors  have  made  similar  obser- 
vations, but  my  own  results  agree  most  completely  with  those  made  by  R 
Volkmann  under  the  direction  of  Marchand. 

The  budding  of  muscle  (which  is  accurately  represented  in  Fig.  344,  A) 
may  be  described  as  a  process  which  has  its  physiological  analogue  in  tbe 
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peculiar  growth  in  length  of  muscle  fibres  which  W.  Felix  discovered  in  the 
three  months'  human  embryo.  Here,  also,  several  rows  of  nuclei  are  found 
placed  transversely,  while  the  end  of  the  fibre  increases  in  length.  The  other 
protoplasmic  growths  which  are  reprcsent<?d  in  Fig.  344  are  more  like 
embryonic  new  formation,  althougli  many  differences  still  renuiin  which  may 
be  explained  by  the  peculiarities  of  the  pathological  disturbances.  These 
discoveries  are  borne  out  by  the  fact  that,  after  an  injury  to  muscle  which 
heals  by  formation  of  a  cicatrix,  a  portion  of  the  nucleated  protoplasm  escapes 
from  the  torn  tube  of  sarcolemma  into  the  cicatrix  and  is  there  transformed 
into  multinucleated,  spindle,  or  ribbon-shaped  cells,  partly  striated  The 
majority  of  these  are  destroyed,  apparently  by  the  pressure  of  the  contracting 
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•dtr.  The  appearance  of  a  tube  of  sarcolemma  filled  with  numerous  cella^ 
called  the  iMude  eeU  tube  by  Waldeyer  and  O.  Weber,  is  occasionally  seen. 
These  cells  are  appAreotly  produced  by  proliferation  of  the  contenta  of  the 
sarcolemma  in  many  cases,  and  may  also  participate  in  regeneration. 

The  muscle  cell  tube  which  is  formed  by  tixe  invasion  of  the  sarcolemma 
tube  by  a  large  number  of  exudation  cells  has  quite  another  significance.  This 
occurs  more  especially  in  suppuration  in  muscle,  but  has  no  relation  to  its  new 
formation,  and  the  invasion  of  the  sarcolemma  tube  by  young  connective  tissue 
cells  or  fibroblasts  must  be  placed  in  the  same  category.      lastly,  in  many 
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tumours  muscle  cell  tubea  may  be  observed,  into  the  sarcolemma  of  which 
cellular  elements  of  malignant  tumours,  especially  of  sarcomata,  have  passed* 
This  process  does  not  lead  to  new  formation  of  muscle,  but  to  an  enlargement    h 
of  the  malignant  tumour.  H 

There  are  radical  diiFerences  between  the  central  and  the  peripheral  nervous 
Sjfstem  as  far  as  concerns  progressive  tissue  metamorphosis.  In  the  human 
being  the  peripheral  nervous  system  is  capable  of  almost  complete  regeneration 
after  an  injury,  whereas,  in  the  central  nervous  system,  regeneration  is  com- 
pletely or  nearly  completely  absent.  In  animals  regeneration  and  restoration 
of  function  after  injury  to  the  central  nervous  system  have  been  repeatedly 
observed. 

H.  Miiller,  Masius  and  van  Lair,  Caporaso  and  Barfurth  succeeded  in 
demonstrating  the  regeneration  of  portions  removed  from  the  spinal  cord  of 
tritona,  lizards,  and  frogs,  and  thus  confirmed  the  positive  results  which  Brown- 
S^quard  and  Vott  had  obtained  in  pigeons.  Eichhorst  and  Naunyn  found  that 
there  was  partial  regeneration  at  least  of  the  nervous  elements  of  the  spinal 
cord  of  the  newly-born  dog  and  rabbit,  after  transverse  section  or  transverse 
crushing  at  the  junction  of  the  dorsal  and  lumbar  portions.  In  adult  dogs, 
however,  regeneration  of  the  nervous  tissue  does  not  take  place  under  these  cir- 
cumstances (Schicfierdecker).  Mondino,  Coen,  Friedraann,  and  Sanarelli  found 
karyokinetic  figiu'cs  in  the  ganglion  cells  and  neuroglia  of  adult  warm-blooded 
animals  after  injury  to  the  brain,  but  regenerative  new  formation  of  nervous 
elements  could  not  be  demonstrated. 

It  is  well  known  that  areas  of  softening  form  in  the  human  brain  as  the 
result  of  embolism  or  haemorrhage  and  leave  behind  a  cavity  filled  with  fluid. 
After  some  time  has  elapsed,  the  walls  of  such  cavities  show  a  zone  of 
proliferated  neuroglia  and  connective  tissue  thickening  of  the  processes  of  pia 
mater.  There  i.9,  however,  no  regeneration  of  the  nervous  elements  which  were 
destroyed.  Neither  does  it  appear  in  the  transverse  crushing  of  the  spinal 
cord,  such  as  occurs  commonly  in  dislocation  of  the  vertebra*,  nor  in  the  healing 
of  stab  and  gun-shot  wounds  of  the  human  brain  (E.  Ziegler,  von  Kahlden). 

The  only  well-authenticated  example  of  progressive  metamorphosis  of  the 
nervous  okmente  of  the  central  nervous  system  is  given  by  Klebs.  He  has 
described  a  tumour  of  the  central  nei"vous  system  which  consisted  of  prcK 
liferated  neuroglia,  newly-formed  nerve  fibres  and  ganglion  cells.  I  have,  along 
with  N.  Sokoloff,  examined  similar  tumours,  but  could  not  convince  myself  thai 
the  views  of  Klcbs  were  correct.  Nerve  fibres  and  ganglion  cells  were 
abundantly  found,  but  the  topographical  investigation  showed  that  we  had  to 
deal  with  an  enclosed  fragment  of  the  original  tissue,  not  with  newly-formed 
nervous  elements. 

Further  investigations  as  to  the  regeMraiion  of  ganglia  and  ganglion  c^ 
must  be  awaited,  since  the  results  of  Dupuys  and  Dupuytren,  and  Valentin  on  this 
point  have  as  yet  only  been  confirmed  in  the  larvie  of  amphibiae  by  Barfurth. 

Concerning  the  n^w  formatioji  of  peripheral  rieirei',  on  the  other  hand, 
pathology  can  supply  accurate  observations.  These  mostly  relate  to  iho 
processes  of  regeneration  which  occur  after  section,  compression  and  other 
destniction  of  peripheral  ner\'efi.  Degenerative  processes  always  precede  thoie 
regenerations. 

In  1839  Nasse  demonstrated  that  peripheral  nerves  were  subject  to 
degeneration  when  their  connection  with  the  central  nen'ous  system  was 
interrupted.     This  fact^  which  was  afterwards  confirmed   by  Waller,  Bodg^ 
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Bruch^  and  others,  is  one  of  the  fundamental  laws  of  the  physiology  an<l 
pathology  of  the  nervous  system.  This  degeneration  easentially  consists  of  a 
breaking-np  of  the  myeline  sheaths  and  axis  cylinders,  while  Schwann's  sheath, 
^vifch  its  nuclei,  is  preserved  (Lent,  O.  Hjelt,  Hertz,  B.  Benecke),  The  myelins 
sheath  ondergoes  the  so-called  coagulation  of  the  myelino  and  divides  into 
drop-like  fragments  (Fig.  345).  The  axis  cylinder  breaks  up  into  short 
fragments,  and  at  the  same  time  the  cells  of  the  sheath  of  Schwann  begin  to 
proliferate  (Lent,  Neumann,  B,  Benecke,  v.  Biingner). 

In  the  fihcath  of  Schwann  the  proliferating  cells  are  found  embedded  in  a 
homogeneous  substance  produced  by  the  de- 
generation of  the  medullary  sheaths  and 
axis  cylinders  (Eichhorst,  Tizzoni,  S.  Mayer, 
V.  Biingner),  and  as  a  rule  some  remains  of 
the  drops  of  myeline  are  still  present. 

These  degenemtive  processes  occur  both 
at  the  peripheral  and  the  central  ends  of  a 
nervG  which  has  been  divided  or  compressed. 
The  extent  of  the  change  is  not  the  same  in 
both  ends,  however,  since  the  nutrition  of 
the  nerve  fibres  depends  upon  their  connec- 
tion with  their  so-called  trophic  centre.^. 

The  trophic  centres  for  the  sensory 
nerves  are  found  in  the  ganglion  cells  of  the 
spinal  ganglia;  those  for  the  motor  ncrt'es  and 
many  vaso-raotor  nerves  in  the  ganglion  cells 
of  the  anterior  horn  of  the  cord.  The  gan- 
glion cells  of  the  peripheral  ganglia  also  act 
as  trophic  centres.  Waller's  experiments 
have  shown,  accordingly,  that,  after  division 
of  a  spinal  nerve  distally  to  its  spinal 
ganglion,  the  whole  of  its  distal  portion 
degenerates  right  down  to  the  peripheral 
sensory  and  motor  end  organs.  According 
to  Erb,  Tizzoni,  and  Neumann  the  degenera- 
tion begins  at  the  point  of  section  and 
progresses  centrifugally.  Krause,  on  the 
other  hand,  concluded  that  the  degeneration 
begins  at  the  periphery  and  extends  centri- 
petally  to  the  point  where  the  nerve  was 
divided.  The  question  whether  the  sensory 
and  motor  end  organs,  i.e.  taste  bulbs, 
retinal  elements,  olfactory  ner\'e  endings,  and 
motor  end  plates,  ai'e  affected,  cannot  as  yet 
be  fully  answered. 

On  the  other  hand,  if  the  posterior  root  of  a  spinal  nerve  be  destroyed 
between  the  cord  and  the  ganglion  of  the  nerve,  it  is  the  end  connected  with 
the  cord  and  its  continuation  in  the  posterior  columns  which  degenerates, 
because  the  trophic  centre  for  these  nerves  is  in  the  spinal  ganglion. 

All  these  results  may  be  comprehended  in  the  following  statement : — 
Pariioni  of  nerves  which  are  separafed  from  thir  tn/phic  centres  undergo  the 
degeneration  which  has  been  derailed  aknr-  throughout  their  entire  length. 

The  peripheral  end  of  a  nerve  which  has  been  divided  does  not  entirely 
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Fio.  34&. — Degennratinn  of  uerve  flbrm  ufter 
section.  /,  Noriiml  narvo  fibres;  II  &nd 
///,  dUTereiit  degnw  of  degcneratioo ;  S, 
sheaUi  of  Schwann ;  m,  wedliillLiuy  sheath  ; 
A,  axid  cylinder ;  k,  nuclottii  of  the  «h«ath 
of  Schwann  ;  /.,  [jinUinimnD'a  notch  in  the 
medullary  nhmlh  ;  It,  Dode  of  Ranrler ;  ml, 
drops  of  myeUno ;  a,  retnAlna  of  the  aids 
cylinder ;  tp,  prolifwated  qbU4  of  the  abaath 
of  Schwann.    Partly  achematlc,  v  476. 
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escape  degeneration,  however,  although  it  is  in  connection  with  its  trophic 
centre.  Thia  degeneration  of  the  proximal  end  only  extends  to  the  next  node 
of  Ranvier  in  each  nerve  fibre,  if  suppuration  does  not  supervene  on  the 
injury  and  cause  greater  destruction.  In  the  proximal  enda  of  nerves  after 
amputations  which  preclude  any  restoration  of  the  function  of  the  nerve,  some» 
at  least,  of  the  nerve  fibres  become  smaller,  or  undergo  atrophy,  which  is 
associated  with  proliferation  of  the  cells  in  the  nerve -sheaths  (F.  Krause  and 
Friedltinder).  The  fibres  which  atrophy  are  exclusively  sensory,  and  are  tho«e 
in  connection  with  the  special  nen'e- endings  in  the  sldn.     This  fact  &grees 

perfectly  with  the  ascending  atrophy  of  the 
optic  nerve  which  occurs  after  the  eye  has 
been  removed  (Purtschcr). 

Immediately  after  division  of  a  peripheral 
nerve,  its  excitability  to  external,  chemical, 
electrical,  and  mechanical  stimuli  is  increased, 
while  its  normal  function  is  suspended  by  the 
interruption  of  the  nerve  conduction.  De- 
generation develops  very  rapidly,  however, 
and  the  excitability  of  the  nene  then  dis- 
appears. It  may  happen  in  such  a  case  that 
new  nerve  connections  are  made  with  the 
part  Philipeau  and  Vulpian  thus  found  that 
the  muscles  of  the  tongue  were  partly  in- 
nervated by  the  lingual  after  division  of  the 
hypoglossal  nerve,  and  pathologists  have 
observed  many  analogous  cases,  although 
these  may  not  he  so  clearly  proved. 

The  regenemlion  of  the  thgen^raUd  nerves 
takes  place  in  the  first  place  by  the  formation 
of  a  connection  between  the  central  and 
peripheral  ends  of  the  divided  nerves  by 
means  of  young  connective  tissue.  Subse- 
quently, in  the  course  of  weeks  or  months, 
new  nerv^es  form  within  the  connecting  tissue 
and  in  the  peripheral  branches  of  a  nerve,  by 
means  of  which  its  function  may  be  com- 
pletely  restored. 

Opinions  as  to  the  details  of  this  regenera- 
tion of  nerves  are  still  at  variance.  Many 
observers,  such  as  Neumann,  Eichhorst,  v. 
Biingner,  think  that  this  regeneration  does 
not  proceed  from  the  central  end  of  the 
divided  nerve  only,  but  also  from  the  con- 
tents or  the  cells  of  the  sheaths  of  Schwann  in  the  degenerated  area.  Most 
investigators,  however,  agree  with  the  opinion  originally  advanced  by  Waller, 
that  the  regeneraiion  takes  place  hy  tneaiis  of  an  outgrowth  of  ths  oxm  cylmdsn 
of  ih^  central  end.  These  axis  cylinders  shoot  out  into  the  young  cicatricial 
tissue  which  unites  the  two  ends  of  the  divided  nerve  (Fig.  346).  They  fre- 
quently divide  into  two  or  three  fine  fibres — a  fact  which  can  be  understood 
when  it  is  remembered  that  the  normal  axis  cylinder  consiste  of  very  numeioUi 
fine  fibres,  united  by  a  homogeneous  substance  (Kupifer). 

If  the  distance  which  separates  the  central  and  the  peripheral  ends  of  till 


Pio.  846.— Forward  ttruwtli  uf  Uio  axU  cyllu- 
den  In  tb«  centnl  end  of  a  nerve  which 
)uu  been  divided.  S,  Schwann's  •heatJi  * 
m,  tnedullAry  abMith  ;  A,  oxU  cylinder  of 
the  tindegftiiented  pwt  of  the  nenre  ;  K, 
newlj-fbnnisd  mxlH  cylinder;  k,  niiclena 
of  SchwEnn'a  ■hmth  ;  IP,  v,  prQlifemtcd 
c«U4  of  Scbmuui'fl  thmlh  ;  ml,  droim  of 
ntyellne.  A  MbeniAtte  dimwing  fbuuded 
on  tn  illliu(tnitki&  by  BlchlKirst,  x476. 
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nerve  is  not  too  great,  the  majority,  at  least,  of  the  growing  axis  cylinders 
reach  the  peripheral  end  and  push  their  way  into  the  sheaths  of  Schwann, 
which  are  filled  with  the  products  of  degeneration,  and  also  into  the  spaces  of 
the  connective  tissue  enveloping  the  peripheral  end  of  the  nerve,  x.t.  into  the 
spaces  of  the  endoneurium  and  perineurium.  These  spaces  provide  ready- 
prepared  paths  for  the  growing  axis  cylinders,  leading  them  to  the  peripheral  end 
organs.  New  medoUary  sheaths  afterwards  form  round  the  nerves,  and  the 
young  nerve  fibres  which  are  not  already  situated  within  the  sheaths  of 
Schwann  are  provided  with  new  ones  from  the  connective  tissue. 

These  views  regarding  the  processes  of  regeneration  are  supported  by  the 
evidence  of  numerous  careful  observers.  They  also  agree  perfectly  with  the 
fact  that,  in  normal  development,  the  axis  cylinders  are  formed  as  long  processes 
from  the  ganglion  cells.  They  are  also  confirmed  to  a  certain  extent  by  the 
interesting  experiments  of  Vanlair.  This  author  succeeded  in  inserting  tubes 
of  decalcified  bone  between  the  two  ends  of  a  divided  nerve,  ll^e  axis 
cylinders  which  shot  forward  were  found,  not  only  in  the  central  cavity  of  the 
tubes,  but  also  in  the  Haversian  canals,  and  in  spaces  which  had  formed  in  the 
walls  of  the  tubes.  I  have  observed  a  similar  case.  After  amputation  of  an 
extremity  the  axis  cylinders  shoot  forward  from  the  end  of  the  nerves  into 
the  young  connective  tissue  which  closes  the  wound,  and  in  this  situation  form, 
along  with  the  cicatricial  tissue,  tumour-like  masses,  the  so-called  amputation 
neuromata.  In  one  case,  I  observed  that  a  bundle  of  actively  growing  axis 
cylinders  had  also  penetrated  into  an  artery,  obliterated  by  newly-formed 
connective  tissue,  which  was  situated  near  the  nerve.  The  axis  cylinders 
could  be  traced  clearly  for  more  than  a  centimetre  within  this  artery.  The 
strong  forward  growth  of  the  axis  cylinders  of  the  central  end  of  a  divided 
nerve  is  thus  a  fact  which  cannot  be  disputed.  The  only  doubtful  point  is 
whether  other  tissue  elements  may  not  be  present  in  the  degenerated  peripheral 
portion  of  a  divided  nerve,  and  may,  at  the  same  time,  take  part  in  the 
regeneration.     New  investigations  are  required  to  decide  this  question. 
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SECTION  III 
COMBINED  FORMS  OF  DISEASE 

CHAPTER   X 

PATHOLOGICAL  CONDITIONS  AND  INFLAMMATION   OP  ORGANS 

The  diseases  of  the  human  body  are,  in  general,  to  be  regarded  as  processes 
made  up  in  manifold  variety  of  the  elementary  pathological  conditions 
described  in  the  previous  chapters — that  is,  of  general  and  local  disturbances  of 
circulation  and  of  progressive  and  retrogressive  changes  in  nutrition  of  the 
tissues.  This  applies  to  the  diseases  of  the  separate  organs  and  systems  of 
organs  as  well  as  to  general  diseases. 

Temporary  disturbances  of  circulation  sometimes  run  their  course  without 
any  noticeable  disturbance  of  tissue  nutrition.  On  the  other  hand,  there  is  a 
series  of  disturbances  of  tissue  nutrition  which  occurs  in  many  cases,  at  least, 
without  apparent  disturbance  of  circulation.  These  are  more  especially  retro- 
gressive tissue  metamorphoses.  In  proportion,  however,  as  the  methods  of 
investigation  become  more  perfect^  the  number  of  those  diseases  which  can  be 
described  as  pure  forms  of  elementary  disturbance,  as  pure  disturbance  of 
nutrition  and  circulation,  becomes  reduced.  The  histo-mechanical  relations, 
abready  described,  between  the  rate,  pressure,  and  volume  of  blood  flowing 
through  the  capillary  channels,  on  the  one  hand,  and  the  behaviour  of  the 
tissues  surrounding  the  blood-stream  on  ,the  other,  make  it  very  probable  that 
pure  disturbances  of  nutrition  certainly  do  not  occur,  since  these  always  destroy 
the  histo-mechanical  relations  between  the  blood-stream  and  the  tissues.  In 
the  same  manner  it  would  appear  that  every  disturbance  of  circulation  involves 
an  alteration  in  the  relations  of  the  nutrition  of  the  tissues.  As  long,  however, 
as  no  conclusive  results  on  this  point  are  to  be  had,  the  existing  divisions  may 
be  maintained  and  there  may  be  distinguished  : — 

(a)  Simple  circulatory  disturbances. 

(6)  Simple  nutritive  disturbances. 

(c)  Inflammations. 

(d)  Tumour-like  new  growths 

The  tumour-like  new  growths  demand  a  separate  description,  since  they 
have  the  characters  of  new  tissue  formation  which,  within  certain  limits,  are 
autonomous  and  independent  of  the  laws  which  govern  the  tissue  wherein  they 
lie.  The  processes  described  as  inflammation,  however,  are  mainly,  if  not 
entirely,  those  combined  pathological  conditions  of  the  organs  which  are  made 
up  of  circulatory  and  nutritive  disturbances. 


The  theory  of  inflaniination  is  of  such  great  iiin>ortance  for  pathology  that  a 
thorough  consideratioo  must  be  here  given  to  it- 

The  theory  of  inflammation  takea  us  back  to  the  Roman  authors,  Aulu* 
Cornelius  Celsus  (30  b.c.  to  50  a.d.)  and  Claudius  Galenus  (130  to  201  A-D.) 
With  them  originated  the  statement  of  the  four  cardinal  symptoms  of  inftamma- 
•  tiOD — fflfor,  rubffr,  tummy  (hhr  {hwt,  redn€Ss^  swiiling^  pain). 

According  to  Galen,  inflammation  begins  with  heai  (color).  This  results  in 
an  influx  of  the  body  fluids  {J^nm,%  lihenmaj  p€Vfjui\  which  is  manifest^ 
externally  as  reiiiiess  and  swelling  (rubor,  tumor),  and  lastly,  causes /)at«  (dolor),  A 
fifth  cardinal  symptom  was  afterwards  added^  the  fumtia  Itrsa,  or  loss  of  function 
from  inflammation. 

These  four  or  five  cardinal  symptoms  recur  with  great  regularity  in  certain 
suppurations  which  come  on  after  injuries  or  infections  of  the  superficial  areas 
of  the  soft  parts  or  skin.  Cause  and  effect  seemed  to  he  clear  here.  It  was 
thought  to  he  proved  that  the  apparently  reliable  results  obtained  in  in- 
flammations of  the  skin  might  he  applied  by  analogy  to  internal  lesions-  These 
were  described,  for  the  most  part,  as  infiammationa.  A  thorough  comprehension 
of  pathological  processes  was  certainly  not  thus  attained.  The  idea  of  in- 
flammation lost,  by  repeated  inferences  from  analogy,  the  original  distinct 
significance  given  to  it  by  the  four  cardinal  symptoms.  It  had  to  be  allowed 
that  one  or  other  of  the  cardinal  symptoms  might  be  absent,  and  finally, 
inflammation  was  even  spoken  of  when  none  of  the  four  or  five  cardinal 
symptoms  were  present. 

This  was  a  result  of  the  obscurity  which  surrounded  the  idea  expressed  by 
the  word  inflammation.  Attempts  were  not  wanting  to  remove  this  obscurity 
by  trying  to  ascertain  more  exactly  the  nature  of  the  inflammatory  process  in 
its  anatomical  aspect.  Hermann  Boerhaave  (1668-1738)  was  the  first  whose 
attempts  were  of  any  real  importance.  He  thought  that  inflammation  con- 
sisted of  a  stagnation,  an  arrest  of  the  blood  in  the  area  of  inflammation — that 
is,  a  drcuUitoi-y  disturbance,  such  as  we  would  call  stasis,  and  in  the  further  con- 
sequences of  this  stasis.  The  theories  of  Magendie  and  Poiseuille,  Cruveilhier. 
Eisenraann  and  Briicke  and  von  Henle  agreed  with  the  doctrine  of  B^jorhaave. 
They  all  aimed  at  explaining  the  occurrence  of  the  stasis,  and  thus,  at  the  same 
time»  the  nature  of  inflammation.  Those  theories  will  not  be  dealt  with 
more  fully  here,  as  they  are  founded  partly  on  unproven  suppositions,  and 
partly  on  physical  errors.  It  is  also  to  be  noted  that  the  hypothesis  of  a  stasis 
does  not  explain  either  the  cardinal  symptoms  of  inflammation  of  the  superficial 
parts  of  the  body  or  the  many  other  pathological  conditions  of  the  internal 
organs  which  were  called  inflammations. 

Virchow  was  the  first  to  appreciate  these  difficulties  in  their  full  extent,  and 
therefore  directed  attention  to  the  behaviour  of  the  tissues  surrounding  the 
blood-vessels.  He  looked  upon  inflammation  as  the  result  of  an  irritation  which 
acted  on  the  tissue  ceUs  and  stimulated  them  to  abnormal  activity  in  their 
nutritive,  formative,  and  functional  relations.  He  did  not,  of  course,  at  all  deny 
the  occurrence  of  circulatory  disturbances,  but  relegated  them  to  a  subordinate 
phice  in  inflammation,  regarding  it  as  the  result  of  the  disturbances  which  were 
carried  out  in  the  tissues.  Suppuration  especially,  which  was  at  that  time 
regarded  as  the  highest  degree  of  inflammation,  he  regarded  as  originating,  not 
in  the  blood,  but  in  the  fixed  cells  of  the  tissue.  These  generated  the  pus  eeUft 
by  nuclear  division  and  proliferation.  Virchow  further  regarded  many  al- 
buminous and  fatty  degenerations  of  the  protoplasm  as  inflammatory  changes, 
which  he  regarded  as  the  consequence  of  the  action  of  the  irritation. 
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Virchow'a  views  have  given  rise  to  a  minute  study  of  pathological  changes 
in  structure  in  the  tissues.  Hia  works  have  laid  the  foundation  of  the  science 
of  pathology,  and  have  led  the  way  towards  a  thorough  reform  in  pathological 
anatomy.  He  did  not  give  a  clear  definition  of  inflammation,  however,  and 
could  not  give  it,  because,  according  to  his  opinionSj  no  marked  line  can  be 
drawn  between  inflammatory  and  non- inflammatory  pathological  proceasea 
themselves  on  the  one  hand,  and  normal  processes  on  the  other^  but  they  all 
really  obey  the  same  laws. 

One  of  the  important  points  in  Virchow's  theory  of  inflammation,  the 
formation  of  pus  cells  from  the  fixed  cells  of  the  tissues,  was  arrived  at  through 
erroneously  interpreted  observations.  When  Recklinghausen  made  known  the 
wandering  cells  of  the  tissues,  and  Cohnheim  observed  their  emigration  from 
the  blood-vessels,  and  hence  the  origin  of  suppuration,  a  revulsion  of  opinion 
took  place,  and  hml  cirmlatoiy  disturbance, was  again  declared  to  be  the  essential 
characteristic  of  inflammation.  The  emigration  of  the  white  corpuscles  took 
the  place  of  stasis,  Cohnheim  oq^lained  this  as  the  result  of  an  alkmtwji  in  the 
wall  vf  tfte.  mpiUart/^  which,  accordingly,  represented  the  first  and  most  important 
inflammatory  change. 

This  theory  also  became  untenable  after  its  first  striking  success,  since  the 
researches  of  Biitschli,  Auerbach,  Flemming,  J.  Arnold  and  others  placed 
within  reach  the  means  for  the  demonstration  of  progressive  metamorphosis  in 
the  fixed  cells  of  the  tissue.  The  demonstration  of  cell  division  which  Virchow 
had  failed  to  give  was  most  completely  established  in  so-called  inflammatory 
processes.  It  also  appeared  that  slight  slowing  of  the  blood -stream  in  the 
capillaries  and  veins  gives  rise  to  emigration  under  all  circumstances.  If  it  is 
added  to  this,  that  most  circulatory  disturbances  of  any  duration  are  followed 
by  an  alteration  in  the  capillary  walls,  in  the  way  suggested  by  Cohnheim — 
that  ia,  by  an  increase  in  their  permeability,  such  as  haa  already  been  considered 
in  detail  in  the  chapter  on  circulatory  disturbances — it  will  be  seen  that  Cohn- 
heim's  theory  of  inflammation  is  untenable. 

To  obtain  a  proper  idea  of  injfauuiuitwnj  it  must  be  described  as  a  local 
lesioti  formed  hij  the  combinntion  of  the  phenmnena  of  cireidator}/  diifturbajices  and  pro- 
g^ressive  and  reirope&sive  tissue  mektmoTphosis. 

I  have  developed  this  idea  more  at  length  elsewhere  in  a  short  paper.  I 
might,  however,  point  out  the  difficulty  that,  in  this  case,  nearly  all  pathological 
conditions  of  organs  might  be  called  inflammations.  Practically,  this  haa 
frequently  occurred.  There  are  very  few  organic  diseases  which  have  not 
been  described  as  inflammations.  The  expression  that  this  or  that  is  an 
inflammation  is  therefore  of  little  practical  worth,  since  only  a  few  diseases 
can  be  excluded.  Not  much  more  has  been  exjiressed  than  the  assertion 
that  this  or  that  process  is  a  pathological  one.  Further,  it  apjtears  that  the 
doctrine  of  inflammation  retires  more  and  more  into  the  background  in  propor- 
tion as  the  advance  of  our  knowledge  discloses  the  actual  etiological  connection 
of  the  phenomena. 

The  cloudy  swelling  and  fatty  degeneration  of  the  liver,  kidney,  and  heart- 
rauscle  which  occur  in  many  acute  and  chronic  infections  and  toxic  conditions, 
are,  for  this  reason,  no  longer  described  as  inflammations,  since  it  is  apparent 
that  those  processes  are  the  result  of  a  general  disturbance  of  metabolism. 
Many  varieties  of  chronic  inflammation  of  the  spinal  cord  are  really  sclerosis 
of  the  columns,  as  is  proved  by  their  relation  to  primary  disturbance  of  function, 
and  by  atrophy  of  the  long  nerve  tracts  of  this  organ.  The  inflammation  of 
the  internal  arterial  wall,  endarteriiHs  chronica  nodosa  sive  defannans,  is  seen  to  be 
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a  simple  consequence  of  the  disturbance  of  the  histo-mechanical  relations  be- 
tween the  rate  of  flow  of  the  blood-stream  and  the  nutrition  of  the  vessel  wall, 
brought  about  by  passive  dilatation  of  the  vessel 

The  doctrine  of  inflammation  is  the  first  attempt  made,  to  any  lai^e  extent^ 
to  trace  pathological  processes  back  to  their  laws  of  causation^  and  to  dis- 
tinguish between  cause  and  eflect  in  the  manifold  variations  of  pathological 
phenomena. 

The  pathologist  of  the  present  day  is  therefore  called  upon  to  do  away 
with  the  doctrine  of  inflammation,  and  to  replace  it  by  one  in  more  complete 
accordance  with  our  knowledge.  The  externa!  causes  of  disease,  traumatism, 
toxic  agents,  infections,  have  already  been  comparatively  thoroughly  worked 
out,  as  far  as  concerns  their  conse^iuences.  The  examination  of  the  internal 
causes  of  disease  offere  greater  difficulties,  but  the  pathology  of  the  spinal  cord 
and  vascular  system  already  shows  somewhat  more  than  elementary  results. 
In  the  article  which  I  have  already  mentioned,  1  proposed  to  allow  the  idea 
of  inflammation  to  drop  completely,  and  there  expressed  the  following  reasons 
for  doing  so. 

I,  There  is  no  prospect  of  arriving  at  a  unity  of  opinion  as  to  the  definition 
of  inflammation,  and  such  a  unity  is  necessary  if  the  doctrine  of  inflammation 
ia  to  become  one  of  the  fundamental  truths  of  pathology. 

IL  The  expression  inflammation  is,  under  all  circumstances,  so  general  and 
ill-defined  that  it  is  almost  identical  vnth.  that  of  local  disease,  and  is  therefore, 
as  a  rule,  of  no  practical  significance. 

III.  The  doctrine  of  inflammation,  since  it  comprehends  numerous  patho- 
logical conditions,  brings  in  many  facts  which  are  only  reached  by  repeated 
arguments  by  analogy,  but  are  not  obtained  from  direct  observation. 

Since  first  I  formulated  these  opinionsj  I  have  learned  that  Andral  had 
already,  at  an  earlier  date,  made  the  proposition  that  the  doctrine  of  inflamma- 
tion should  be  allowed  to  drop,  as  he  believed  that  "  through  it  the  language  of 
medicine  was  becoming  indefinite  and  erroneous."  This  consensus  of  opinion 
must  naturally  increase  its  strength.  The  publications  of  other  authors  which 
have  appeared  since  have  only  tended  to  heighten  the  importance  of. the 
position  I  have  taken  up. 

First  among  these  I  may  quote  Neumann.  He  admits  "  it  has  not  been 
possible  to  select  any  process  which  is  constantly  observed  in  all  ioflammationa, 
and,  on  the  other  hand,  all  the  phenomena  which  appear  in  inflammation  are 
«een  in  other  cases  with  which  inflammation,  according  to  the  general  opinion, 
has  nothing  to  do."  It  is  with  the  greatest  gratification  that  I  note  the  expres* 
sion  of  this  opinion  by  the  eminent  pathological  anatomist  of  Kdnigsberg.  Never- 
theless, in  order  to  maintain  the  doctrine  of  inflammation,  Neumann  formulated 
a  new  theory  in  which  he  regards  the  process  as  one  suit^jd  or  adapted  for  a 
definite  object.  In  his  definition  of  inflammation,  he  stated  "that  we  are  to 
include  under  this  title  the  local  series  of  phenomena  which  appear  after  % 
primary  lesion  of  tissue  {Ictsio  amtinui  or  necrosis),  and  whose  aim  is  the  heal- 
ing of  the  lesion." 

This  conception  of  the  process  of  inflammation,  which  closely  approadut 
Pfliiger's  toleological  theory  of  the  structure  and  function  of  the  human  body, 
has  also  been  supported  by  Leber  ;  but,  in  my  opinion,  it  is  not  at  all  so  easily 
grasped  as  Ziegler  represents.  Personally,  I  cannot  agree  with  its  most  essentijd 
element,  but  difl"erent  views  may  be  held  on  this  point.  It  seems  more  important 
that  I  should  point  out  that,  in  many  cases  of  undoubted  inflammation,  the 
Iseaio  continui  or  necrosis  cannot  be  demonstrated. 
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We  find  that,  meanwhile,  some  other  opinions  liatl  "been  oxpressed. 
K.  lioser  attempted  to  rescue  the  inflammation  theory  by  placing  the  etiology 
ill  the  foreground  and  limiting  the  terra  inflammation  exclusively  to  '*  the  local 
processes,  due  to  infection  by  micro-organisms."  He  evidently  overlookB 
the  fact  that  the  local  actions  of  infective,  traumatic,  and  toxic  pathological 
agents  are  very  similar,  and  that  a  cousidenible  amount  of  the  injurious 
action  of  the  bacteria  must  be  ascribed  to  their  toxic  metabolic  products. 
If  we  try  to  extend  Roser'a  definition  by  describing  the  local  patliologicat 
changes,  caused  by  traumatism,  infection,  or  toxic  agents  as  inflammation, 
we  come  into  conttict  with  Koser  himself,  since  he  separates  the  healing  process 
after  simple  injury  from  iriHamnuitioii.  In  this  he  supjiorts  the  attempt  which 
has  newly  been  made  to  distinguish  between  regeneration  and  indammation,  an 
attempt  which  I  should  like  to  assist  throughout  j  for,  according  to  my  opiuionj 
it  is,  as  a  rule,  by  means  of  such  analytical  methods  that  new  points  of  view  are 
reached.  I  have,  therefore,  carefully  refrained  from  simply  describing  traumatic, 
toxic,  and  infective  local  lesions  as  intlaminations.  They  are  grouiied  together 
in  the  consideration  of  the  etiology  of  disease  ;  like  Neumann  and  Leber,  we 
may  state  that  their  aim  is  to  induce  healing.  If  I  had  described  them  simply 
as  inflammation,  I  should  have  presented  a  new  theory  of  inflammation  which 
would  have  had  many  defects.  This  theory  would  have  been  new  in  virtue  of 
its  limitation,  in  spite  of  the  fact  that  the  local  eftects  of  ti-aumatism,  infective 
and  toxic  agents  had  been  previously  pi*esented  as  the  tjrpes  of  inflammation, 
for  many  other  things  besides  these  have  been  described  as  infiamraation. 

Tliese  theories  resemble,  to  a  certain  extent,  that  which  Klebs  put  foi-ward. 
He  regarded  inflammation  as  '*  an  excess  of  the  processes  of  reaction  to  ex- 
ternal causes  of  injury  Wyond  the  degree  required.'*  This  definition  is  even 
more  limited  in  its  scope,  and  is,  moreover,  wanting  in  clearness. 

Lastly,  Ziegler  has  also  taken  up  the  question  in  a  short  paper,  and  has 
arrived  at  the  conclusion  that  inflammation  is  a  local  degeneration  of  tissue, 
combined  with  pathological  exudation  from  the  blood-vessels.  These  conditions 
may  be  obsei-\'ed  in  many  inflammations,  but^  in  other  casea^  it  would  be  difficult 
to  demonstrate  any  degeneration.  Fiu-ther,  the  |K)sition  of  degeneration  is  in 
no  way  equivalent  to  that  of  exudation.  If  the  cornea  be  cauterised  by  touch- 
ing it  with  nitrate  of  silver,  the  ensuing  degeneration  or  necrosis  is  at  once  the 
residt  of  the  action  of  the  poison  and  the  cause  of  the  regeneration.  Further, 
a  reactive  circulatory  disturbance  sets  in  with  emigration  and  exudation  from 
the  nutrient  vessels  at  the  corneal  margins,  which  are,  at  least  in  part,  aho  a 
consequence  of  the  death  of  the  central  portion.  The  destruction  of  the  tissue 
appears  here  as  cause  of  the  circulatory  disturbance.  The  domain  of  inflamma- 
tion is  an  extensive  one,  however,  and  many  cases  might  be  cited  in  which  the 
conditions  are  reversed,  and  the  circulatory  disturbance  is  the  cause  of  the 
breaking  down  of  the  tissue.  The  old  physicians  would  have  said  the  cauterisa- 
tion was  the  irritant  calling  forth  the  imtalw  and  the  iujhimmatw.  This,  in 
other  cases,  however,  causes  necrosis  and  assumes  the  character  of  a  necrotic 
inflammation. 

It  can  easily  be  inferred  from  this  account  that  there  is  no  prospect  of  a 
harmony  of  opinion  on  the  subject  of  inflammation.  Tht;  word  has  also  lost  a 
great  deal  of  its  meaning,  since  it  appeared  that  calor,  the  cardinal  symptom 
from  which  it  was  named,  was  only  in  a  few  cases  caused  by  increased  local 
heat  production.  As  Hunter  has  already  shown,  the  heightened  temperatiu-e 
in  an  inflamed  area  is  the  result  of  the  great  influx  of  warm  blood.  In  spite 
of  all  efforts,  proof  of  an  increased  heat  production  within  an  inflamed  area  has 
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been  obtained  only  in  a  few  instances  at  most,  or  not  at  all.  This,  in  a  few- 
words,  seems  to  me  to  be  the  result  of  the  long  and  careful  investigation 
can-ied  out  by  Breschet  and  Becquerel,  von  Barensprung,  G.  Zimmermann,  O. 
Weber,  Billroth  und  Hufscbmidt,  Schroder,  Jacobson  and  Bernhardt  Laudien, 
Schneider,  Mosengeil  and  others. 

As  Vircliow  has  pointed  out,  the  heat  of  the  inflamed  part  is  derived  from 
two  sources.  Part  of  the  heat  is  carried  to  the  inflamed  area  by  the  blood,  the 
remainder  is  produced  within  the  inflamed  area  by  metabolic  processes.  We 
may  further  agree  with  Virchow  when  he  assumes  that  the  local  rise  of 
temperature,  brought  about  by  the  great  influx  of  warm  blood,  may  increase 
the  local  metabolic  processes,  and,  through  them,  the  local  heat  production. 
There  is  no  proof  that  this  occurs  invariably,  however,  and  it  is  not  improbable 
that,  in  many  cases,  the  local  disturbances  lessen  the  heat  production.  The 
processes  described  as  inflammations  are  so  varied  that  such  a  jxjssibility  must 
be  taken  into  consideration.  We  must  not  be  deceived  by  the  rise  of  tempera- 
ture in  an  inflamed  area,  for  it  is  quite  possible  that  the  increase  of  heat  brought 
by  the  blood  may  be  sulficienfc  to  mask  the  deficiency  caused  by  lessened 
production  of  heat  locally. 

Under  these  circumstances,  it  must  i>e  left  to  the  individual  to  form  his  own 
opinion  on  the  theory  of  inflammation.  According  to  my  own  opinion,  the 
tendency  in  scientific  medicine  is  entirely  towards  the  abandonment  of  thia 
doctrine.  This  is  seen  in  the  eflnjts  made  to  limit  the  idea  of  inflammation 
(K.  Koser,  E.  Ziegler),  and  in  the  fact  that  now  one  and  now  another  patho- 
logical process,  preWously  described  as  a  characteristic  inflammation,  receive* 
another  interpretation.  A  sudden  revulsion  is  not  to  be  expected  and  is  not 
attempted  here.  It  is  only  in  tlie  future  that  this  question  will  be  decisively 
answered,  as  etiological  investigation  shows  the  relations  between  the  phenomena 
and  explains  the  differences  in  the  pathological  processes.  Even  now  no  one  b 
satisfied  with  the  explanation  that  this  or  that  is  an  inflammation.  We  are 
much  more  inclined  to  follow  out  the  mechanical  and  chemical  aspects  of  the 
processes  in  the  tissues,  organs,  and  systems  of  organs ;  but,  in  so  doing, 
the  problems  which  present  themselves  for  solution,  and  the  facts  which  arc 
ascertained  are  so  nianifoki,  that  they  do  not  come  within  the  limits  of  the 
doctrine  of  inflammation  proper. 
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It  18  chiefly  the  combined  pathological  conditions  of  the  organs  which  have 
been  almost  without  exception  described  as  inflammations.  This  is  expressed, 
in  regard  to  its  terminology,  when  the  afhx  "  itis  "  is  added  to  the  root  of  the 
Greek  name  of  the  organ.  Thus,  for  example,  nephritis  means  inflammation  dk 
the  kidney,  and  hepatitis  inflammation  of  the  hver.  The  idea  of  inflammatioii 
is,  however,  so  ill-defined  that  iiepatitia  might  be  translated  as  liver  disease  tad 
nephritis  as  kidney  disease,  without  depriving  the  teiTa  in  any  way  of  its  reil 
meaning.  Hepatitis  is  inflammation  of  the  liver,  but  inflammations  of  the  liver 
show  such  radical  differences  that  an  explanatory  term  must  be  added,  in  ordtr 
that  any  clear  idea  may  be  connected  with  the  word.  For  instance,  hepatitis 
punilcnta  may  be  translated  into  purulent  disease  of  the  liver  as  correctly  ai 
into  purulent  inflammation  of  the  liver,  The  meaning  is  identical  A 
minute  and  unprejudiced  examination  will  lead  to  the  same  conclusion  in  ill 
other  cases. 

Looked  at  in  its  general  aspect,  disease  of  the  organs  may  be,  as  before 
mentioned,  divided  into  simple  forms  of  diseases,  into  simple  disturbances  oi 
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circulation,  simple  atrophy  and  hj^pertrophy,  and  into  simple  retrogressive  meta- 
morphosis. There  then  remain  the  complex  forms  of  disease  or  inflammations. 
These  also  may  be  further  subdivided,  according  as  one  or  other  of  the  tissues 
is  primarily  or  principally  affected. 

In  fffumiuktr  orfjati.^  and  in  the  hearty  inttrdUial  and  paren'-hi/maimts  diseiu^e.s 
may  he  differentiated.  Interstitial  diseases  and  intlammations  are  those  which 
run  their  course  chiefly  in  the  connective  tissue  framework  of  the  organ.  They 
are  either  ncule,  as  abscess  or  suppuration,  or  rJkwnic,  as  callous  or  cicatricial 
fonnattons.  The  term  parenchymatous  disease  or  inflammation  refers  to  a 
primary  or  excessive  |>articiijatiun  of  those  elements  of  the  organ  which  possess 
a  specific  chemical  function.  These  are,  as  has  already  been  mentioned,  the 
so-called  cells  of  the  parenchyma,  tlie  gland  cells  and  the  muscle  fibres,  since 
the  latter  also  possess  a  specific  chemical  function,  the  transformation  of 
chymical  energy  into  heat  and  mechanical  work.  Parenchymatous  disease 
may  run  either  an  acute  or  a  chronic  course.  Viewed  histologically,  it  is 
intrinsically  a  change  in  structure  of  the  cell  protoplasm^  and  sometimes  also  of 
the  Cfll  nucleus.  .iUbuminons  or  fatty  clouding  and  disintegration  tiike  place 
in  the  cell  protoplasm,  and  finally  the  nucleus  disappears.  As  in  intei-stitial 
disease,  the  parenchymatous  cells  and  ihe  blood-vessels  were  invariably  involved 
in  one  way  or  another,  so  in  parenchjTnatous  disease  and  inflammation  there  is  a 
similar  extension  to  the  interstitial  tissue.  Circulatory  disturbances  are  very 
frequently,  if  not  invariably,  present  in  the  latter.  The  connective  tissue 
framework  suffers  in  the  same  w^ay.  In  such  cases  numerous  lymphoid  cells 
appear,  and  later,  areas  of  granulation  and  cicatricial  tissue  develop, 

Tills  fact  illustrates  the  intimate  connection  that  exists  between  the 
structural  elements  in  each  individual  organ.     Those  are  so  far  dependent  on 

>  one  another  that  isolated  disease  of  a  single  structural  element  can  only  be 

I  mpposed  to  exist  in  a  few  cases.  Many  parenchymatous  diseases  are  the 
direct  cause  of  connective  tissue  contraction  in  the  affected  organ.  The 
parenchjrmatous    cells    degenerate  and   disappear,    whereupon   firm   cicatricial 

[tissue  develops  in  their  room  and  fills  up  the  spaces.  The  early  stages  of 
regenerative  growth  of  the  parenchymatous  cells  are  present,  as  a  rule,  at  the 
same  time.  These  processes  present  a  great  variety  of  relations  in  difl*erent 
organs  and  under  the  influence  of  v^arying  causes  of  disease,  which  can  only  be 
properly  dealt  with  in  a  more  minute  inquiry  into  the  special  characters  of  the 
various  organs.     A  detailed  description  would  therefore  encroach   upon  the 

'  special  pathological  anatomy. 

Ci/st  /(yfimttion^  however,  since  it  recurs  in  the  same  form  in  most  of  the 
glandular  organs,  deserves  a  general  description.  Cysts  are  hollow  spaces  of 
pathological  origin,  which  are  lined  with  epithdium  and  filled  with  various 
tiuid  or  semi-solid  contents.  They  very  frequently  occur  as  a  dilatation  of  an 
alveolus  or  duct  of  a  gland.  Some  hindrance  to  the  evacuation  of  the  glandular 
secretion  can  generally  be  demonstrated.  These  are  the  rchniinn  ctjals,  Narrow- 
ing or  obliteration  of  the  excretory  duct  by  the  contraction  of  a  cicatrix,  by  ex- 
ternal pressure,  or  by  torsion  leads,  if  the  gland  continues  to  secrete,  to  an 
accumulation  of  secretion,  and,  in  consequence,  to  a  dilatation  of  a  smaller  or 
larger  portion  of  the  gland  or  of  its  excretory  duct.  The  kidney  may  serve  as 
an  example  of  such  an  occurrence.  In  it  cicatricial  contraction  of  the  tissue 
not  infrequently  occurs  in  such  a  manner  that  separate  parts  of  the  uriniferous 
tubules  become  impermeable.  The  result  is,  that  the  isolated  uriniferous 
tubule  or  the  capsule  of  the  glomerulus  is  transformed  by  the  accumulated 

Isecretion  into  a  thin-walled  cyat  of  varying  size  (Figs.  347,  348).     As  a  rule, 
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the  coDtents  are  clear  and  fluid,  but  occasionally  tljey  mav  be  tinged  with 
blood  or  of  a  gelatinous  consistence.     Sometimes  small  cysts  become  confluent  j 
and  form  larger  cavities.     Many  such  formations  occur  in  fortnil  life,  but  those] 
represented  in  Figs.  347  and  348  were  found  in  advanced  life. 

In  other  cases  an  anomaly  of  secretion  is  the  cause  of  the  formation  of  thoj 
cyst.  The  secretion  becomes  thick  and  tenacious  and  cannot  be  evacuated! 
through  the  narrow  excretory  «luct,  but  accumulates  and  causes  a  cyst  to  form. 
This  not  infrequently  occurs  in  the  sweat-glands  of  the  skin,  which  then  dilate 
and  either  become  comedones  with  fatty  contents,  or  atheroma  cysts  with  pulpy 
contents.  In  like  manner,  a  ductless  alveolus  of  the  thyroid  gland  may  become 
dilated  by  abnormally  profuse  secretion  (Fig.  252,  p.  388). 

Remains  of  embryonic  structures,  such  as  the  urachus  or  the  branchial 
clefts,  may  persist  and  also  become  cystic. 

These  cysts,  which  are  lined  with  epithelium,  must  not  bo  confounded  wiihj 
jiathological  newly-forraed  bursie  mucosae,  or  similarly  formed  cavities  which  i 
are  lined  with  en<lothelium  and  contain  a  mucoid  or  gelatinous  fluid.     These 
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Pio,  847.— CiiThoUc  kidne?  In  Mterio«l«ro«i»  shoving  many  Hmall  ami  our  \  try  large  cyst.    Tlie  IjiUflr  I 
fhns  the  convex  bonier  of  Uia  kldnfly  in  the  form  nf  a  thin-vmU«d  ▼wrtds.    Half  itatuml  fiixe. 

latter  are  often  due  to  great  and  frequently  repeated  displacements  of  tke 
tissnes,  brought  about  by  external  pressure  and  friction. 

Lastly,  the  term  ajstmd  fonmition  is  applied  t-o  cavities  in  organs  in.  trhidi 
the  walls  liave  a  shreddy,  ragged  diameter,  and  there  is  no  endothelial  or 
epithelial  lining.  They  are  due  to  softening  and  liquefaction  of  the  tissiMf» 
and,  accordingly,  the  wall  of  the  cavity,  besides  its  shreddy  character,  sho' 
many  forms  of  retrogressive  tissue  metamorphosis,  such  as  caseation,  fatty, 
mucoid,  or  simple  hyaline  degeneration. 

Diseases  of  the  vntcous  mevii/ranat  and  .sHn,  in  many  cases,  when  compared 
with  these  other  organs,  show  somewhat  different  appearances,  since  the  affected 
organ  has  a  free   surface.     Exudations  which  would  form   infiltrations   anil 
abscesses  in  the  internal  solid  organs  appear  here,  partly  between  the  cells 
the  epithelium,  raising  them  and  forming  vesicles,  partly  as  free  exudation 
the  surface  of  the  skin  and  mucous  membranes.     The  various  forms  of  cai^urh 
the  mucous  membranes  which  have  already  been  considered  arise  in  this 
Beyond  this,  the  processes  in  the  tissues  of  the  protecting  membranes  absol 
coincide  with  those  in  other  organs  ;  but  instead  of  cystic  softening,  thor» 
ulceration. 
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By  ulcus  or  nkn  we  usujilly  mean  a  condition  where  tliere  is  a  aaperficial 
^destruction  of  tissue,  accompanied  Hy  more  or  lesa  exudation, 

A  superficial  destruction  of  tissue  due  to  injuiy  is  often  termed  a  tmumatk 
ulter  when  it  begins  to  discharge  exudation.  These  ulcers,  as  a  rule,  heal 
comparatively  quickly  hy  the  new  formation  of  granulation  and  cicatricial  tisBUe 
and  a  superficial  covering  of  protecting  epithelium. 

The  progress  of  ulcers  which  result  from  prfssure  or  tension  is  somewhat 
different.  The  pressure  ulcer  of  the  skin,  manifested  frequently  as  bed-sore,  has 
already  been  considered  under  gangrene,  with  which  it  commonly  begins.  The 
long-continued  pressure  on  the  skin  leads  to  local  ansemia,  which,  if  maintained 
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Fio.  848.— Cirrhotic  Icldnoy  withnrtoriotclenwl^.  Twt>  siiuli  cysts  with  epitheU*!  Unlns  foniieil  by  the  dtUtAtion 
of  two  gloiiiBTulJ.  In  th«i  onn  cysit,  a,  there  U  a  Malpighlan  ttirt  which  Is  siubI]  but  well  fomietl.  The  otlior 
cyst,  b,  6,  is  traverBtxi  by  a  very  raaculAr  procem.  Thia  It,  foriiiwl  by  h  llalpighiun  tnft  which  had  become 
abnorniAlly  adhiinint  to  tho  wait  of  Bowiiuui'ii  capftule,  and,  by  the  dllautluo  of  the  glomerulus,  hsd  been 
AtrvttihtKl  between  Itfl  noniial  insertion  an*!  tb«  point  of  adliesion.  The  blue  material  with  which  thoveiMb 
WRre  injected  it  repretientetl  black  in  the  drawing,     x  ISO. 


for  any  length  of  time,  cause.9  necrosis  and  gangrene.  The  sloughing  of  the 
gangrenous  portion  gives  rise  to  the  pressure  ulcer.  In  other  cases,  there  is 
ftrsfc  a  sloughing  of  the  epithelium,  associated  with  exudation,  suppuration 
and  putrefaction,  so  that  the  downward  extension  of  the  ulcer  is  only  gradual. 
Pressure  ulcers  are  seen  on  mucous  membranes  also,  when  a  concretion  or 
other  resistant  substance  presses  strongly  on  the  mucous  membrane.  Great 
tension  of  the  tissues  has  much  the  same  effect  as  pressure.  In  vascular  tissues 
this  tension  leads  to  a  narrowing  of  the  himina  of  the  veins,  which  are  reduced 
to  narrow  slits  by  the  traction.     Venous  stagnation,  stasis,  and  lastly,  necrosis, 
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with  consequent  ulceration,  then  follow.  In  intestinal  obstruction  verjfl 
extensive  necrosis  and  ulceration  of  this  kind  are  found  in  the  mQcousl 
membrane  of  the  intestine.  Above  the  obstruction  the  fwces  accumulate  and 
distend  the  coils  of  intestine.  The  tense  mucous  membrane  becomes  dark-red 
in  colour,  in  consequence  of  the  venous  stagnation  and  stasis,  and  also  from 
multiple  haemoiThages  by  diapedesis.  Necrosis  and  ulceration  then  supervene.^ 
These  extend,  in  many  cases,  through  the  whole  thickness  of  the  abdominal  walJ,H 
and  thus  cause  perforation, allowing  the  f^-eces  to  escape  into  the  abdominal  cavity. 
In  slightly  vascular  or  non-vascular  tissues,  tension  caoses  none  of  these  marked 
disturbances  of  circulation.  Necrosis  of  the  tissue  occurs,  nevertheless,  probably 
because  the  supply  of  lymph  from  the  neighbouring  capillaries  is  interfered 
vrith.  It  is  for  this  reason,  as  has  already  been  mentioned,  that  the  intima 
of  the  walls  of  highly -distended  arteries  shows  the  phenomena  of  hyaline  j 
degeneration,  atheromatous  disintegratif>n,  and  atheromatous  ulceration. 

The  simph'  rhnmk  ulcer  (often  called  nktts;  sifuplcr)  is  due  to  a  destruction  of  I 
tissue,   in   which  the  healing   process    is   unusually    slow,  even   although   all' 
infective  and  tojcic  influences  are  excluded.     Disease  of  the  blood-vessels  at 
I  he  margin  of  the  wound  generally  appears  to  be  the  special  cause  of  this  con- 
dition.   This  is  distinctly  seen  in  the  so-called  varicose  ulcer  of  the  foot  and  leg, 
which,  for  descriptive  purposes,  may  be  called  the  angioscl^rolu:  vkcr^    since 
sclerosis  of  the  arteries  and  veins  is  much  more  constantly  present  than  vari- 
cose dilatation  of  the  veins.     Further,  the  varicose  dilatation  of  the  veins  is  j 
only  one  feature  of  the  angiosclerosis.     Tliese  idcers  frequently  occur  after  a 
superficial  injury  to  the  foot  or  leg,  which  involves  apparently  healthy  tissue, 
but  which,  were  the  tissue  healthy,  would   iieal  without  a  trace  in  a  few  days. 
In  other  cases,  the  disease  begins  as  thrombosis  of  a  dilated  suj^wrficial  cutaneous 
vein  in  the  leg,  which  suppwmtes  after  a  slight  injury,  such  as  a  scratch  with  a 
finger-nail     In  whatever  way  the  primary  lesion  be  caused,  it  shows  litUe  or 
no   tendency  to  heal,  es[>ecial!y  as  long  as  the  patient  maintains   the  erect 
position  and  goes  about  his  work.     Granulations  form  in  the  margins  and 
floor  of  the  ulcer,  but  these  break  down  superficially,  so  that  the  ulcer  con- 1 
stantly  increases,  and  at  last  extends  over  a  large  j)ortion  of  the  leg.     The  foot  is 
much  less  often  affected,  as  it  is  protected  by  the  firm  boot.     Such  ulcers  last  | 
for  months  or  years.     They  only  heal  when  the  patient  gives  himself  up  to  rest 
in  bed  and  obtains  careful  nursing.     A  scar,  cohered  by  thin  epithelium,  then 
forms,  but  breaks  down  again  and  ulcerates  anew  on  the  most  tritling  injury. 

No  disturbances  of  innervation  can,  us  a  rule,  be  demonstrated  ;  but  there 
ia  a  chronic  disease  of  arteries  and  veins  (angiosclerosis)  which  is,  to  all  appear- 
ance, connected  with  disease  of  the  capillaries.  Multiple  thromboses  occur  in 
the  affected  vessels  and  further  impede  the  circulation,  which  is  already 
impaired  by  the  disease  of  the  vessels.  It  is  premature  to  frame  any  hypothe«>i« , 
as  to  the  connection  between  the  abnormal  couree  of  healing  and  the  disease  of] 
the  vessels ;  but  the  fact  that  they  are  connected  is  of  considerable  importanoc.] 

Simple  chronic  ulcers  are  observed  in  the  stomach,  the  intestine,  the  vn^na,! 
and  other  situations.     Here,  also,  they  are  distinguished  by  Uirdy  healing  an 
by  the  circumstance  that  their  IocaI  extent  corresponds  to  a  vascular  ai-ea.     Ifl 
the    large   intestine  the}'-  are   very  often   the  consequence  of    angioscle 
disctise ;    in   ulcers   of    the    stomach,    however,    this   angiosclerosis    is   onlfi 
present  in  a  limited  number  of  cases.    Their  cause  must  be  sought  in  another  fo 
of  local  disease  of  the  vessels,  which  will  be  more  suitably  described  in  th| 
special  patbologicAl  anatomy,  since  the  condition  becomes  complicated  by  i 
character  of  the  contents  of  the  stomach. 
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The  neurotic  nker  which  often  forms  the  starting-point  for  gangrene  baa 
alr&uly  been  tonsidereii  under  gangrene.  Experience  has  shown  that,  after 
transverse  compression  of  the  spinal  cord  or  various  forms  of  injurj^  and 
disease  of  peripheral  nerves,  deep  ulecrationa  frequently  form  in  the  area 
supplied  by  the  affected  nerve,  and  show  &  great  tendency  to  progressive 
suppuration  and  gpingrene.  While  some  suppose  that  this  ulceration  is  due 
to  interference  "vWth  the  trophic  nerves  which  are  sup{X)sed  to  exist,  it  nuist  be 
remembered,  on  the  other  hand,  that  disturbances  of  viiso-raotor  innervation  can 
l3e  demonstrated  in  the  area  supplied  by  the  diseased  nerve,  and  that  these 
may  just  as  well  be  the  cause  of  the  peculiar  behaviour  of  the  tissues  toward 
external  pressure,  decubitus,  and  trifling  injuries.  The  tendency  of  the  ulcer 
to  extend  deeply  is  expressed  in  the  very  commonly  employed  term,  per- 
foraiing  ulcer.  As,  however,  other  ulcers  cause  perforation  of  the  intes- 
tine, stomach  and  other  parts,  the  name  does  not  seera  to  be  very  happily 
chosen. 

The  nlr^rations  which  ocatr  m  cmnedion  wifh  tumours  will  bo  discussed 
more  fully  in  the  following  chapters.  A  simple  chronic  ulcer  may  form  the 
starting-point  of  a  tumour,  and,  on  the  other  hand,  many  tumour -like  new 
growths  in  the  skin  and  mucous  membranes  break  down  superficially  and  le^d 
to  the  formation  of  an  ulcer.  These  ulcera  are  distinguished  liy  the  fact  tliat 
their  floor  and  margins,  and  sometiraes  also  the  tissiics  in  the  surrounding  imrts, 
are  almormal  and  tumour-like.  These  tissues  are  sometimes  diflicult  to 
distinguish  in  life  from  growing  granulations ;  but  the  matter  can  usually  bo 
easily  settled  by  microscopical  examination. 

Tom  uTfW.s'  are,  partly,  simply  tlie  result  of  local  necrosis  brought  about 
by  the  use  of  caustics.  Thc^e  arr  piimaty  toxk  ulora.  The  liquefaction  of  the 
margins  of  the  necrotic  areas  leads  to  sloughing  and  the  formation  of  an 
idcer.  Reactive  disturbances  and  regenerative  processes  set  in  in  the  sur- 
rounding parts.  These  processes  are  characterised  chiefly  by  exudation  and  new 
formation  of  tissue. 

Secontluy  toxic  uk^rrs  constitute  another  variety.  These  occur  specially  in 
the  small  and  large  intestines.  Of  course,  ulcers  and  necroses  of  the  mucous 
membianes  which  are  also  caused  by  the  direct  action  of  caustics  are  foimd 
in  the  intestinal  canal.  These  primary  ulcers,  which  are  caused  by  swallow- 
ing caustic  substances,  are  situated,  a«  a  rule,  in  the  first  part  of  the  alimentary 
canal,  eBpecially  the  o'sophagua  and  stomach.  Secondary  toxic  ulcers  of  the 
intestine,  on  the  other  hand,  are  due  to  absorption  of  poisonous  substances 
from  the  circulating  blood.  They  are  also  caused  by  the  absorption  of  certain 
[joisonous  Bubstjinces,  such  as  corrosive  sublimate  (in  sufficient  (piantity),  from 
the  subcutaneous  cellular  tissue  or  from  the  suriace  of  a  wound  in  the  skin. 
It  must  be  assumed  that  the  poisonous  substance  circulating  in  the  blood  is 
excreted  by  the  large  and  small  intestines,  and  during  this  process  becomes 
collected  in  the  intestinal  mucous  membrane  or  in  the  lumen  of  the  intestine 
to  such  an  extent  that  it  develops  a  caustic  action  and  may  cause  necrosis  of 
the  mucous  membrane. 

In  addition  to  this,  |)oisons  appear,  under  certain  circumstmcGs,  to  produce 
suppuration  and  putrefactive  decomposition  in  ulcers  which  have  originated 
from  some  other  cause.  Necrosis  of  the  under  jaw,  due  to  phosphorus,  may  be 
mentioned  as  an  e.xample  of  this  condition.  It  occurs  among  the  workei-a  in 
match  factories  who  are  expose*!  continually  to  the  vapour  of  phosphonis, 
chiefly  of  yellow  variety.  In  them  a  defect  in  the  gum  or  a  carious  tooth 
may  become  the  starting-point  for  a  more  extensive  destruction  of  the  gum 
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and  the  periosteum  of  the  jaw,  and  the  process  may  gu  on  to  neei'osis  of  the  ] 
jaw.      The  phosphorous   vapour  deposited  on  the  niiicoiis  memln-ane  of  the 
mouth  is  only  an  influence  which  favours  more  extensive  suppuration,  deoom* 
position,  and  ulceration. 

Uktft':^  due  to  infedmi  are  numerous  and  of  many  ^'a^ieties.  Many  run  a 
rapid  course,  as,  for  instance,  the  typhoid  ulcer,  while  others,  such  as  tuber- 
cular and  leprous  ulcers,  are  extremely  chronic.  Many  ulcers  indicate  the  site  i 
of  the  primary  deposit  and  action  of  the  infective  material,  while  others  are 
secondary  and  are  due  to  the  distribution  wthin  the  body  of  the  infective 
material  which  has  made  its  way  into  it.  It  is  hardly  possiljle  to  give  a 
characteristic  which  would  be  common  to  ull  infective  ulcers.  The  lose  of 
tissue  begins  sometimes  in  the  superficial  layers  of  the  skin  or  mucous  membrane, 
in  which  case  the  epithelium  is  raised  into  a  vesicle  and  cast  off,  and  subse- 
quently the  destruction  of  the  tissues  extends  downwards  ^nth  greater  or  less 
rapidity.     In  other  cases,  the  tissues  in  the  deeper  layers  of  the  skin  or  mucous 
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Fin,  8-40.— Dcvfilopment  of  &  typhoid  ulcer  of  Uie  ileum.    Dark  crusU  kre  M«n  on  the  soft  iWoUaa  J^j 
patches.    Tliewe  leave  ulwrat«d  Burfac^s  when  thoy  slough  away.    Katuml  sis*. 


membnine  are  necrosed  by  the  action  of  microl>es  or  of  their  toxic  products^  and 
the  destruction  extends  towarfl  the  surface.  The  margins  of  such  ulcers  are 
therefore  often  undermined.  In  other  cases  they  are  smooth  or  infiltrated,  if 
a  large  quantity  of  new  tissue  is  formed  in  the  mar^ns  and  floor  of  the  ulcer- 
Many  forms  of  ulceration  are  also  observed  on  the  internal  surface  of  the 
heart,  on  the  endocardium,  or  on  the  valves,  and  also  on  the  internal  aspect  of 
the  arterial  walls.  This  will  l>e  referred  to,  however,  in  the  sjiecial  pan  of 
this  work.  In  disease  of  the  serous  and  synovial  membranes,  tendon-sheaths, 
and  bursas  mucosa?,  exudation  takes  a  prominent  place,  as  it  did  in  disease  of 
the  mucous  membranes.  According  to  the  exudation,  there  may  be  distin- 
guished, in  the  pleura,  for  example,  a  serous,  a  sero- fibrinous,  a  htemorrhagit, 
a  purulent,  or  a  putrid  pleurisy  and  many  intermediate  varieties  and  transition*. 
The  structure  of  these  membranes  is,  however,  not  unatlected,  since,  besides 
the  disturbance  of  circidation,  many  infiltrations  with  exudation  cellsi,  new- 
tissue  formations,  and  degenerations  may  be  noted.  The  degenenitions  may 
cause  superficial  los.ses  of  tissue  which  coirespond,  in  many  respects,  to  ulcera- 
tion of  the  skin  and  mucous  membrane. 
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CHAPTER    XI 

AUTONOMOUS    NEW   FORMATIONS   RESEMBLING   TUMOUHS 

I  General  Properties  and  Etiology 

New  growth,  Bwelling,  tumour  are  terms  applied  in  their  more  general  sense 
to  any  enlargement  of  an  organ  or  a  part  of  an  organ  occasioned  by  the 
acciimnlation  of  exudation,  or  hj  haemorrhage  into  the  tissues,  by  new  forma- 
tion of  tissue,  and  by  many  other  pjithological  processes.  The  only  feature 
common  to  these  conditions  is  the  purely  external  one  of  increase  in  site. 
If  consideration  be  limited  to  those  tumours  whii-h  are  due  to  new  formation 
of  tissue,  these  will  still  include  two  essentially  difterent  types  of  pathological 
processes.  The  enlargement  of  the  spleen  observed  in  phoephonis  poisoning 
typhoid,  leuka?mia  and  many  other  diseases,  appetirs  as  the  natural  consequence 
of  the  special  changes  which  arise  in  that  organ  in  certain  general  infections 
and  toxic  conditions,  in  alteration  of  the  blood,  and  in  other  pathological 
processes.  It  must  be  ascribed  to  circulatory  disturbances  of  the  organ,  like 
many  similar  enlargements  of  other  organs.  When,  however,  a  circumscribed 
new  growth  appears  in  the  spleen,  or  any  other  organ,  which  destroys  or 
compresses  the  normal  constituents,  or  shows,  by  some  other  peculiarity,  that 
it  is  only  partially  subject  to  the  general  laws  which  govern  the  organ,  we  talk 
of  a  tumour  in  the  more  limited  sense  of  the  word. 

A  tumour,  in  its  more  limited  sense,  may  thus  lie  defined  as  nn  autonomms 
or  imity.'mknf  new  tfnnvfli.  Its  ])re6enco  may  be  due  to  -an  alteration  in  the 
histo-mechanical  and  histo-chcmical  conditions  of  growth  in  a  ccrtjiin  part  of 
the  organ ;  but,  at  present,  it  is  only  in  the  hjemangiomata  that  it  is  possible  to 
give  at  all  a  clear  explanation  of  the  histo-mcchanical  production  of  th<i  new 
growth.  In  a  general  cousidci-ation  of  the  characteristics  of  tumours,  tlierefore, 
it  is  advisable  that  other  factors  should  be  looked  for  which  experience 
warrants  us  in  using  as  a  teat  of  the  autonomy  of  tumours. 
The  iifUoiwmfj  of  a  tumour  may  be  recognised — 

(a)  By  the  loc/tl  Umitatwn  of  f}ie.  fird  growth  of  the  (Usw.  The  majority  of 
tumours  begin  at  a  definite  point  somewhere  in  an  organ  and  subsequently 
extend  over  \vider  areas  and  to  neighljouring  organs.  In  this  way  multiple 
secondary  tumours  are  formed,  owing  to  the  tendency  of  the  primary  tumour 
to  reproduce  numerous  secondary  tumours  of  the  same  structure.  The 
occurrence  of  multiple  primary  tumours  of  the  same  structure  is  comi>aratively 
seldom  seen.  The  characteristic  local  limitation  is  to  \ye  clearly  noted  in  them 
also.      Multiple  tumours  of  diSerent  structure  occurring  at  the  same  time 
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a.re  rare  and  may  generally  >te  regarded  as  accidental  coincidences.  Their 
coexistence  emphasises  \\\th  special  force  the  chamcteristic  of  local  limitation. 

(6)  By  a  Imhhtffiart  structure  ■tchkh  difers  more  or  l€.^<  frfmi  timi  of  the  ti^s-ue  in 
whkh  U  (jrmcs.  This  characteristic  \b  not  invariable,  since  the  histological 
stnicture  of  many  tumours  agrees  completely  with  that  of  their  Bite. 

{c)  By  differing  fmidmiall^  from  their  site.  In  general  emaciation,  for  instance, 
the  tumours  formed  of  adipo«e  tissue,  the  lipomata,  often  remain  tuialtered. 

(d)  lly  dt'drwtmn  nvd  rrfmpressmi  »{f  swrmfiMnjjjHirts.  The  growing  tumour 
leads  to  pressure  atrophy  in  its  neighbourhood,  to  displacement,  or,  lastly,  to 
infiitratiou  of  the  adjacent  tissues. 

(r)  By  the  ocain-emr  tf  mdustad^.  Tumour  cells  are  often  given  off  by  the 
primary  tumour  and  lead  to  the  development  of  secondary  metastatic  tumours 
in  the  neighbourhootl  aud  in  distant  organs. 

(/)  By  the  earUj  aitpmrmu^-  of  rrirogresdve  imm  dian^es^  such  as  hyaline,  cal- 
careous or  fatty  degeneration  or  softening.  These  phenomena  are  the  expression 
of  the  premature  senescence  of  the  tumour. 

In  contradistinction  to  the  special  characteristics  which  give  a  tumour 
its  autonomous  character,  there  are,  it  must  be  noted,  many  points  of  agree- 
ment between  tumours  and  the  tissues  of  the  organs  from  which  they  rise. 
This  may  be  stated  in  the  follttwing  law  which  is  based  upon  the  investigation 
of  the  hi.stological  structure  and  localisation  of  the  tumours. 

Tuinoxrg — tfuii  is,  anttmtmous  nnv  (?/v?rM,s- — r*^produrfj  mih  more  or  less  detnatuMy 
the  structure  of  the  jmrt  in  which  thrtj  primmity  arise. 

Tumours  consisting  of  connective  tissue  are  only  found  in  those  part.8 
where  connective  tissue  normally  occurs.  Muscle  tumoui's  originate  in  pre- 
existing muscular  tissue,  glioma  in  normal  neuroglia.  In  those  cases,  the 
tumour  tissue  may  completely  accord  with  that  of  the  site  of  origin.  As  a 
rule,  however,  there  are  variations  in  the  number  of  cells  or  vessels  and  in  the 
topogi'aphical  arrangement  of  the  tissue  elements.  In  the  same  manner  the 
development  of  epithelial  tumours  originates  in  the  preexisting  epithelial 
constituents  of  organs.  Examples  might  be  multiplied  at  will.  Although 
occasional  exceptions  to  this  ride  are  found,  these  are  in  reality  only 
apparent. 

In  the  kidneys  and  thyroid — organs  which  are  developed  comparatively 
late  in  fa4al  life — it  happens  that  epithelial  cell  growths  form  tumours  which, 
in  their  general  appearance,  are  not  easily  distinguished  from  very  cellular 
tumours  arising  in  connective  tissue.  As,  however,  the  tumour,  when  more 
minutely  examined,  shows  no  typical  connective  tissue  structure,  but  oidy  the 
structure  of  an  undillerentiated  tissue,  we  cannot  look  upon  this  as  an  exception 
to  the  law  given  above. 

In  addition,  it  was  repeatedly  pointed  out,  under  the  consideration  of 
double  monstei-a,  that  tumour-like  formations,  the  t^ratonuthi^  might  arise  by  the 
inclusion  of  an  acardiac  embryonic  mdinient  in  the  tissues  of  a  well-formed 
fcetus.  If  this  nidimentaiy  embryo  be  very  incompletely  developed,  it  acquires 
all  the  qualities  of  an  autonomous  new  formation  of  tissue.  In  this  case  the 
autonomy  is  very  well  marked.  As  a  rule,  however,  such  tumoure  are  com- 
posed of  many  different  tissues,  at^d  very  often  of  tissues  which  are  not  to  be 
found  in  the  immediately  adjoining  tissues  of  the  normal  fft-tus.  In  spite  of 
this,  no  objection  to  the  above-mentioned  general  statement  can  be  formed 
from  such  cases,  since  the  tumour  arises  from  an  imperfect  embryonic 
rudiment 

It  further  happens  that  single  malformations  may  assume  the  character  of 
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tumours.  Dufective  closing  of  the  branchial  clefts  may  give  rise  to  the 
development  of  cystic  tumours  lined  with  ciliated  epithelium,  or  of  epithelio- 
mata  (the  so-called  brfiiickiogenous  curcinomata  of  R.  Volkmann),  in  the  connec- 
tive tissue  areas  of  the  neck,  where,  normally,  no  epithelium  is  found.  Lastly, 
pathologists  were  led  to  assume  that  many  tumours  were  due  to  an  aberration 
of  foetal  tissues.  It  was  supposed  that,  in  an  early  stage  of  embryonic  develop- 
ment, a  group  of  epithelial  cells  might  wander  into  the  spleen  or  mediastinal 
tissues  and  afterwards  form  the  starting-point  of  a  tiunour.  This  view  dates 
from  the  investigations  of  Romak,  but  Virchow  was  the  first  to  attempt  to 
show  that  it  was  Imaed  on  facta  and  to  test  it  in  various  forms  of  tumour.  It 
was  subsequently  a]jph*ed  hy  Cohnheim  in  :i  manifestly  much  too  general  way, 
when  he  stated  that  all  true  tumours  arose  in  this  way.  According  to  my 
opinion,  the  occurrence  of  such  abermtion  of  embryonic  tissue  and  portions  of 
organs  with  eonserjuent  tumour  foraiatioii  has  l^en  undoubtedly  demonstrated 
in  man)''  cases,  in  certain  tumours  of  the  kidney,  for  example  (Grawitz).  Such 
tumours  are  to  be  regarded  as  malformations  of  individual  parts  of  the  body 
which  subsequently  develop  as  tumours.  They  furnish  the  explanation  of 
those  more  radical  deviations  between  tho  structure  of  a  tumoiu*  and  of  its 
place  of  origin  which  occasionally  occur.  These  appeai-ajices,  however,  can  be 
demonstrated  with  cerUiinty  in  a  few  cases  only.  We  are,  therefore,  not 
justified  in  assuming  that  it  is  the  aberration  of  embryonic  cells  that  is  the 
invariable  cause  of  tumour  formation.  On  the  contrary,  the  hcreditnr)*  nature 
of  many  tumours  and  many  other  circumstances  seem  to  argue  that  errors  and 
defects  in  the  germinal  area,  Avhich  may  be  described  as  predispositions  to 
tumour  formation,  are  of  more  importance. 

These  conclusions  are  arrived  at  from  a  comprehmsiw  inve^ujuii&n,  into 
thf  etiolofjii  of  mdommons  new  f/mwths  err  tummii\t.  As  has  just  been  ex- 
plained, they  are,  in  certain  cases,  rudimentary  double  monsters  or  teratomaia^ 
the  consequence  of  a  disturkince  of  the  developmental  processes  in  the  embrya 
We  are  here  met  hy  the  fact,  however,  that  in  post-fcetal  life,  indeed,  fre- 
t|ueritly  in  advanced  age,  one  tissue  may  proliferate  and  invade  another  in  the 
most  irregidar  fashion,  and  in  this  way  give  rise  to  a  malignant  and  highly 
autonomous  tumour.  Carcinoma,  for  example,  arises  in  this  manner  by  an 
invasion  of  the  vascular  supporting  stroma  by  epithelial  tissue.  This  procesa, 
which  also  occurs  in  a  modified  form  in  other  tumours,  is  perfectly  analogous 
to  the  al)erration  of  embryonic  cells  and  other  disturbances  of  embryonic 
development.  This,  however,  shows  that  Cohnheim's  tumour  theory  cannot  be 
generally  tipplied,  since  it  is  seen  from  it  that  even  in  advanced  age  one  tissue 
may  penetrate  into  another  and  thereby  give  rise  to  a  tumour. 

The  ffft'cU  on  the  tL^s^ues  of  tjienml,  traumatk,  ionc,  or  inffdive  a^enh  have  a  not 
unimportant  bearing  on  the  etiology  of  tumours.  Hawkins,  Follin,  Wornher, 
V.  Adelmann  and  many  recent  authors,  whose  works  have  been  carefully 
collected  by  Bogehold  and  .lessen,  descrilwd  the  development  of  cancerous 
tumours  in  cicatrices  of  burns  and  in  the  margins  of  issues  (or  suppurating 
wounds  which  have  been  made  for  therapeutic  reasons,  and  which  are  kept 
open  by  the  insertion  of  foreign  bodies).  Volkmann  and  Busch  observed  the 
development  of  cancerous  foci  in  the  floor  of  tubercular  and  lupoid  nloers  of 
the  skin,  and  in  like  manner  cancerous  growth  not  infrequently  deveJops 
at  the  orifices  of  sinuses  which  carry  off  the  pus  from  tubercidar  bone. 
These  are  all  cases  of  wounds  and  cicatrices  of  wounds  which  have  suppurated 
for  a  long  time  and  thus  been  exposed  to  the  action  of  various  microbes,  and 
some  of  which  have  also  been  subjected  to  initating  local  applications. 
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The  action  of  toxic  substances  (soot,  products  of  combustion,  paraffin)  is 
usually  given  as  the  cause  of  cancer  of  the  scrotum  in  the  chimnoy-sweep 
(Elliot^  Vincent),  and  R.  Yolkmann  has  drawn  attention  to  an  exactly  similar 
carcinoma  which  occui's  among  workers  in  paraffin  factories.  Hutchinson 
ascribes  the  development  of  cutuneous  warta  and  carcinomatii  to  the  internal 
use  of  arsenic  continued  for  many  years. 

The  cancers  develop  most  frequently,  according  to  general  experience,  at 
the  so-called  ostia  of  the  various  divisions  of  the  alimentary  tract,  Buch  as  the 
lips,  cardiac  and  pyloric  orifice  of  the  stomach,  the  ileo-ca-cal  valve,  or  the  anus, 
places  which  are  ex]>osed  to  a  comparatively  high  degree  of  mechanical 
irritiition. 

Benign  tnmonrs  which  become  malignant  only  after  long  existence  are  not 
infrequently  found  as  polypoid,  papillary,  or  cauliflower-like  masses  on  mucous 
membranes  after  chronic  ciiUirrh  of  many  years*  standing.  These,  however, 
owe  their  origin,  as  a  rule,  to  external  influences,  especially  infections.  Polypi 
of  the  mucous  membrauea  of  the  nose  and  larynx,  and  papilloma  of  the  bladder 
prove  this  distinctly. 

Ijiistly,  a  special  fibroid  tumour,  kdmi^  which  develops  from  cicatricial  tissue, 
has  been  known  since  the  time  of  Alihert.  No  one  has  yet  succeeded  in 
producing  cancer  or  other  tumours  experimentally  by  the  use  of  traumatic, 
toxicj  or  infective  agents,  and  innumerable  injuries  in  the  human  body,  including 
such  as  have  suppurated  for  a  long  time,  heal  without  disturbance.  Among 
the  relatively  few  oases,  however,  in  which  wounds  and  scars  gave  origin  to 
tumour  formiition,  there  is  quite  a  number  where  the  injury  healed  up  and 
only  gave  rise  to  formation  of  a  tumour  in  the  sCiir  after  many  j-ear-^  had 
elapsed. 

From  this  it  would  appear  that  external  influences,  injury,  infection,  toxic 
agents  and  their  consequences,  must  in  many  cases  be  regarded  aa  mere  pre- 
disposing ca,use8  which  determine  the  locality  at  which  tumours  arise.  Shoidd 
it  be  shown,  on  further  investigation,  that  the  coccidia-like  bodies  found  in 
carcinoma  are  really  parasitic  organisms,  and  should  it  also  bo  demonstrated 
that  they  are  the  cause  of  cancer,  then  injuries  and  cat^irrhs  may,  under  certain 
circumstances,  be  of  importance  in  so  far  as  they  provide  the  means  of  entrance 
for  these  microbes.  However  this  may  be,  the  investigations  into  the  etiology 
of  cancer,  extending  over  many  years,  which  have  been  collated  by  Alberts, 
show  beyond  doubt  that  there  is  "a  predisposition  "  to  cancer  formation  which 
increases  with  age.  This  probably  plays  the  principal  part  in  the  etiology  of 
cancer.  The  hereditary  nature  of  such  a  predisposition  would  explain  the  fact 
that  many  tumours  frequently  reappear  in  the  same  family. 

A  number  of  tumour-like  formations,  classed  by  Virchow  as  true  tumours, 
tubercle,  syphiloma,  leproma,  etc.,  are  certainly  to  be  regarded  as  results  of 
infection,  in  which  the  consequence  of  the  infection  is  dependent  upon  the 
presence  of  a  certain  individual  predisposition,  in  the  sftme  manner  as  has  just 
been  shown  to  be  probable  in  cancer.  S{>caking  generally,  tubercular,  syphilitic, 
and  leprous  giowths  take  their  character  from  the  organ  in  which  they  occur, 
varying  in  regard  to  the  topographical  arrangement  of  the  tissue  elements,  the 
number  of  cells,  and  the  participation  of  the  normal  structural  constituents  in 
the  lesion.  This  variation  is  not  found  in  true  tumours.  The  special  character- 
istics of  the  newly-formed  tissue  in  leprosy,  tul>ercle,  syphilis,  etc.,  can  be 
explained  if  the  \\^\^  growtlis  are  regarded  as  the  expression  of  the  locjvl  reaction 
to  the  invading  microbes.  They  are  therefore  not  autonomous,  and  accordingly 
must  be  distinguished  from  the  new  growths  now  under   discussion.     Their 
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general  characters  have  been  discussed  in  the  chapter  on  infections.  The 
different  ap{)earances  which  they  present  in  the  various  organs  will  be  con- 
sidered more  fully  along  with  the  diseases  of  these  organs. 

The  autonomous  new  tissue  fomiiitioris  or  tumours  involve  great  danger  to 
the  well-being  and  life  of  the  piitient.  Of  course,  there  is  a  large  number  of 
so-called  heniijn  tumors.  Experience  has  shown,  however,  that  these  may 
become  /mi%/w«^  The  benign  tumours  are  distinguished  by  their  slow  growth. 
They  may  oven  become  stationary  when  they  have  attained  a  certain  size. 
Nevertheless,  they  occasionally  cause  injury  by  disturbing  the  function  of 
the  organ  in  which  they  are  situated  and  by  pressure  on  neighbouring  \ital 
organs.  Under  certain  circumstiinces,  they  lead  to  haemorrhages,  either  from 
their  own  vessels  or  from  those  in  the  neighbourhoo<l.  For  example^  the 
uterine  tumour,  consisting  of  non-striated  muscle  fibres,  is  often  accompaniefl  by 
profuse  bleedings  from  the  uterine  mucous  merabrnne,  which  lead  to  profound 
exhaustion  and  necessitate  operations  dangerous  to  life.  Malignant  tumours 
are  distinguished  by  their  rapid  growth,  their  tendency  to  ulceration  and 
necrosis,  and  the  danger  of  metastatic  growths.  After  removal  by  opemtion, 
they  not  infref|uently  recur  in  the  scar  of  the  wound  (loc^il  recurrence).  They 
also  tend  to  destroy  the  function  of  the  organ  in  which  they  develop,  and 
to  injure  the  surrounding  paits  by  pressure.  They  also  acquire  other  injurioUB 
proi>erties-  By  their  rapid  growth  they  withdraw  a  certain  amount  of  \'ahiable 
nutriment  from  the  body»  and  discharge  into  it  the  abnormal  products  of 
their  metabolism.  At  the  same  time,  the  tumour  invades  neighbouring  and 
distant  organs  and  destroys  them  to  a  gi'eater  or  less  extent.  The  formation 
of  ulcers  which  frequently  takes  place  leads  to  suppuration  and  putrefactive 
changes,  and  afterwards  to  pyfemic  and  septic  poisoning  and  infections,  which 
may  lie  either  acute  or  chronic  in  their  coiuse.  Finally,  hiemorrhage  occasion- 
ally occurs  from  erosion  of  the  larger  blood-vessels. 
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II.  External  Appearances,  Growth,  and  Structure  of  the  fumonrs 

It  seems  to  be  important  for  the  recognition  and  differentiation  of  the 
various  forms  of  tioraoiir  in  the  living  and  dead  body  to  determine  their 
genenil  external  features  as  they  appear  to  the  naked  eye,  and  to  learn  what 
conclusions  as  to  their  manner  of  growth  and  microscopic  structure  may  be 
drawn  from  these  appearances. 

The  following  varieties  of  tumours  can  be  differentiated  according  to  their 
external  appearances : — 

{a)  Tuberom  tmrnmrs,  in  which  the  shape  resemblea  a  tuber,  such  as  the  potato. 
These  are  round,  bill-like  tumours  of  very  varying  size.  The  smallest  belong 
to  the  next  group  of  tumours ;  the  largest  sometimes  exceed  the  size  of  a  man's 
head. 

(b)  MiHarij  luTfumrHy  rounded  tumours  about  the  size  of  a  millet  seed.  The 
term  "tubercular,"  formerly  used  in  a  general  sense,  ia  now  reserved  exclusively 
for  the  result  of  infectioo  with  the  tubercle  bacillus. 

(r)  lAthulaied  t amours. 

{(l)  FuHfjoid  (nmmtn,  whose  shape  resembles  a  niuahroom.  These  are 
tumours  which  are  elevated  above  the  surface  of  an  organ  and  jwssess  over- 
hanging margins. 

(/)  Pohfpokl  funumrs,  rounded  tumoui"s  with  a  pedicle,  i*aised  above  the 
surface  of  an  organ, 

(/)  rapillitnj  tumours,  resembling  an  enlarged,  single,  or  multiple  papilla  of 
the  skin.  A  number  of  short,  compressed  papillomata,  placed  closely  together, 
sometimes  assume  the  form  of  warts  (wart-like,  rfrrucotti  tumour).  V^'^hen  the 
[mpillae  are  slender  and  much  branched,  a  thndiitic  tumour  is  formed  which, 
when  it  is  of  a  soft,  delicate  character,  forms  a  cauliflower-like  gi'owth. 

(ff)  Tumours  raised  above  the  surface  of  an  organ  in  flat  circiunscrilied 
forms,  resembling  a  garden  plot  {Beciformuj). 

{k)  Inhltrating  tumours,  which  show  on  section  that  the  tumour  has  pene- 
trated  between  the  normal  atructui'e  elements  of  an  organ. 

(/)  Diffuse  ttunoiu's,  which  are  distinguished  by  their  ill-defined  limits. 

Many  of  these  forms  of  tumour  allow  us  to  form  a  conclusion  as  to  the 
mode  of  their  growth.  This  always  takes  place  by  cell  division,  in  which  the 
karyokinetic  figures  are  sometimes  distinguished  by  their  great  wealth  of 
chromatin. 

If  the  multiplication  of  the  cells  takes  place  equally,  at  all  parts  of  the 
tumour,  a  central  grmvtk  is  spoken  of.  If  the  cell  multiplication  ia  principally  to 
be  demonstrated  in  the  peripheral  zone  of  the  tumour,  the  growth  is  jteriphaal. 
The  peripheral  growth  may  be  coniinvom  or  intermpted.  The  central  and  the 
continuous  peripheral  growth  may  give  rise  to  tuberous  and  fungoid  tumours. 
The  slightly  elevated,  infiltrating,  and  diffuse  fonns  occur  especially  as  the 
result  of  an  extensive,  continuous,  peripheral  growth.  The  interrupted, 
|jerii>heral  growth  occiu's  in  such  a  way  that,  in  the  neighbourhood  of  a  large 
tumour,  smaller  tumours  are  formed  by  the  development  of  aberrant  tumoiu* 
cells.  If  these  increase  in  size  and  become  fused  \vnth  the  larger  tumoiu-, 
this  latter  not  infrequently  assumes  a  lohulated  appearance  (Fig.  350).  In 
other  cases,  the  lohulated  form  is  the  result  of  a  local  limitation  in  growth,  to 
which  the  tumour  is  subjected  by  neighbouring  tissues.  The  lohulated  fatty 
tumours  between  the  tendons  of  the  palm  grow,  for  instance,  in  this  vi'ay  (Fig. 
351). 
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The  central  {>ortioii  of  a  tumour  may  gi'adually  decreiiae  in  bulk  by 
softening  and  piirtial  absorption,  or  by  cicatrisation.  Cicatricial  tissue  develops 
and  causes  contraction.  If  such  a  tumour  proJectB  above  the  surface  of  an 
organ,  the  centml  diminution  in  bulk  occasionally  appears  as  an  iin)bilicat4xl 
retraction  of  the  summit  of  the  tumour,  umhiliraUd  tutiufurft. 

The  degi'ee  and  mudo  of  extension  of  the  tumoiu*3  within  neighbouring  and 
distant  areas  depends  upon  their  manner  of  growth.  The  neighlxiuring  tissues 
and  organs  are  not  infretjuently  in\'aded  by  the  continuous  peripheral  growth 
of  the  tumour,  which  may  thus  bridge  over  hollow  spaces  of  all  kinds,  especially 
serous  cavities.  It  is  in  this  way  that  cancer  of  the  stomach  {>asses  to  the 
ailjacent  left  lobe  of  the  liver,  for  example.  Direct  inoculation  may  also  occur 
where  the  tumour  elements  of  the  skin,  mucous  membrane,  or  serous  surface 
pass  to  an  app<:ised  surface  and  give  rise  to  new  tumours  on  the  latter  without 
any  adhesion  of  these  surfaces.  In  other  cases,  the  extension  of  the  tumour 
throughout  the  body  occurs  interruptedly  by  metastatic  formations,  in  which 
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•liowiitg  diflcoDtlouous  peripher&l  growth. 


Fio.  S51.— Lobulated  fatty  tumour  doveloiied  b«tireeii 
the  t«adous  uf  tb<?  lAlm.    Tbioo-QfUw  natunJ  atsk 


case  tumour  germs  are  earned  away  by  the  lymph  and  blood  streams,  settli 
down  in  new  sitiiations,  and  give  rise  to  fresh  tumour  growths.  These  gemu 
are  imdoubtedly,  in  many  cases,  tumoui'  cells  which  have  become  free.  As  has 
already  been  mentioned  (p.  294,  Fig.  203),  cells  of  this  kind  from  a  melanotic 
sarcoma  which  have  been  airried  away  by  the  blood  can  be  demonstrated, 
occasionally,  in  the  capillaries  of  the  liver.  It  may  also  be  assumed  as  prolabl* 
that  fill  metastases  of  tumours  are  brought  about  by  this  emigration  of  cells  or 
groups  of  cells.  It  is  not  only  the  circumstances  just  mentioned  as  occurring  in 
the  liver  that  favour  this  view,  but  also  the  fact  that  parts  of  a  tumour  ^th 
been  shown  to  penetrate  into  large  and  small  vessels  and  cavernous  spaces,  and 
also  that  metastatic  tumours  very  often  develop  vvithin  the  lumen  of  capiUan«8. 
This  hypothesis,  lastly,  explains  most  simply  why  it  is  that  nielastaiic  fumonn 
are  ideniir/U  in  stnidure  with  (he  jmwanf  tvmour. 

Metastases  are  produced  by  the  development  of  scamihry  tumours  fntm  s 
primary  me.  Those,  in  their  turn,  may  give  off  tumour  cells  and  thus  (ona 
new  metastases.     Thus  secondary  multiple  tumours  are  formed  in  a  manlier 


quite  different  from  the  for- 
mation of  primary  multiple 
growths.  In  the  latter  case, 
a  varying  number  of  tumours 
of  the  same  stnictnre  is  furraed 
indopendtntly  of  each  other, 
but  it  must  be  assumed  as  the 
result  of  a  common  cause. 
An  accidental  combination  of 
several  tumours,  diftering  in 
atructure  and  independent  of 
each  other,  warts  on  the  fikin, 
and  cancer  of  the  stomach,  for 
instance,  may  occasionally  be 
observed  in  one  and  the  same 
individual,  but  can  certainly 
not  be  referred  to  a  common 


cause. 

If  the  formation  of  meta- 
stases be  more  closely  investi- 
gated, two  forma  may  be  dif- 
ferentiated— local  or  regional, 
and  distant  or  general.  Ltjail 
vu-fttsfads  is  the  same  aa  the 
condition  of  interrupted  peri- 
pheral growth  which  has 
already  been  des€ribed.  In 
this  condition  small  secondary 
nodules  are  forme*!  round 
al>out  a  timiour.  Those  may 
afterwards  increase  in  size  and 
may  become  fused  with  the 
primary  tumour  (Fig.  350), 
Tht^  form  itf  jfwtastadi  is  due 
to  the  transference  of  tumour 
cells  by  the  lymphntks.  In 
such  cases,  metastatic  gi'owths 
are  found  in  the  course  of  the 
lymphatics  which  come  from 
the  primary  tumour,  and  .still 
more  frequently  in  the  hpiijjh 
if  kinds  belonging  to  them 
(Fig.  352).  This  form  of 
metastasis  is  occasionally  the 
consequence  of  the  spread 
of  the  tumoiu-  cells  along 
the     nerve 'Sfieaths^   or    within 

the  serous  cavities.     Distant  or  

general  metastasis  is  the  result  fio.  a62.-ceiiuiar  tumour  (wutoin.)  in  the  Atn  of  the  hwi  «how- 

of  the    invasion    of    the    blood-  InginetMUMa.    »,  Th*  tumonr  in  ttir  IimL    Clialna  of  inota. 

vessels     by    the     tumour    cells.  «t««Mlijivefonnediiithewillofthplymptiv<«88elslwidinBfrom 

These   pass   with   the   blood - 


the  tuiuour.   h,  MatsxtAtic  growths  in  thn  Ijrmph-glandB  of  the 
groin.    Iljilf  natutml  tize. 
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stream  into  distant  organs  and  there  give  rise  to  new  tuTnours  of  the  same  stnic- 
ture^     If  the  primary  tumour  is  situated  within  the  area  of  the  portal  circula- 
tion, the  tumour  eells  are  first  carried  by  the  blood-stream  to  the  liver ;  in  cancer 
of  the  stomach,  for  instance,  numerous   metastases   are  found  in   the   liver,  fl 
Some  of  the  tnraour  cells  may  then  pass  through  the  capillaries  of  the  liver;      i 
but  this  is  rare,  because  the  blo^xl-stream  of  the  portal  vein  is  very  slow  within 
the  liver.     The  tumour  cells  settle  do^vii  in  the  slow  blood-current  and   are 
left  lying  on  the  vessel  w;dls,  where  they  either  die  or  multiply  and  form  new 
tumours.     In  this  respect  the  tumour  cells  behave  like  tinoly-divided  colouring 
matter  introduced  into  the  blood-stream  (see  p.  293).     The  few  tumour  cells 
which  pass  through  the  Liver  capillaries  are  carried  through  the  right  heart  to 
the  capillaries  of  the  lung  by  the  bloai -stream.     They  maj^  1>e  deposited  here 
and  give  rise  to  metastatic  growths.    They  may  also  pfiss  through  the  capiUariea 
of  the  lung  into  the  left  heart  and  aorta,  and  amse  metastatic  gi-o\%'ths  in  the  fl 
parts  supplied  by  the  aorta,  in  which  case  the  liver,  the  spleen,  and  the  bone-  H 
marrow  are,  as  a  rule,  for  reasons  drejidy  given  (see  p.  293),  most  frequently 
attacked.     The  kidneys,  skin,  brain,  and  heart-muscle,  however,  also  frequently  ^ 
develop  metastatic  tumours.  H 

Should  the  piimary  tumour  not  be  sitmited  within  the  area  drained  by  the 
portal  vein,  but  in  some  other  part  of  the  systemic  circulation,  or  in  the  area 
of  the  pulmonary  circulation,  the  distribution  of  the  metastases  is  correcpoDd- 
ingly  modified.     The  rule  holds  good,  generally,  that  secondary  tumours  are  ^ 
found  with  comparative  frequency  in  the  region  of  the  first  set  of  capillarie»B 
through  which  the  venous  blood  that  comes  from  the  primary  tumour  has  to     , 
paas.     This  ia  most  frequently  the  lung,  therefore  metastatic  growths  are  by 
far  most  common  there.     All  the  larger  fragments  which  are  carried  oflF  from 
a  primary  tumour,  and  probably  a  few  of  the  smaller  ones  also,  are  arreet«d 
in  the  first  capillary  network  they  reach.     After  these  are  sifted  out,  only  a 
few  of  the  smaller  fragments  are  left  in  the  blood-strefim.     These  are  de|xi8iLed 
in  the  various  organs,  chiefly  in  those  in  which  the  blood-stream  ia  very  slow, 
such  as  the  liver  and  the  spleen,  or  where  the  capillaries  are  very  narrow, 
such  as  the  bmin  and  kidneys. 

There  is  still  another  factor  to  be  considered  in  connection  with  the 
development  of  metastatic  tumours.  The  tumour  cells  circulating  in  the 
blood,  and  those  deposited  in  capillary  areas,  do  not  find  conditions  equal]? 
favourable  to  growth  iu  all  the  organs.  It  may  therefore  happen  that  a  malig* 
nant  tumour  of  the  bone-marrow  may  give  rise  to  multiple  metastases  in  th« 
marrow  of  different  bones  of  the  body,  while,  in  other  organs,  the  metas' 
very  few.  A  tumour  of  the  mamma  may  cause  innumerable  tumours 
skin,  while  the  liver,  lungs,  spleen,  and  bono -marrow  are  comparativ 
Such  peculiarities  of  distribution  arc  not  very  frequently  observed,  but, 
thelesa,  are  worthy  of  mention,  liecause  they  have  some  bearing  on  the 
question,  viz.  whether  many  tumour  cells  circulating  in  the  blood  or  arrested 
the  capillaries  nuiy  not  perish,  siniply  because  the  conditions  of  nutrition  are 
favourable,  while  only  a  very  small  proportion  develops  further. 

Lastly,  the  occurrence  of  crossed  and  recurrent  emboli  can  be  occasiooanf 
demonstrated  in  the  metastasis  of  tumours  (see  p.  293). 

All  these  facts  show  that  in  distant  or  general  metastasis  of  tuinoiur%  t^ 
lung,  liver,  spleen,  kidneys,  bone-marrow,  skin,  and  brain  are  chiefly  attsfktj 
but  the  other  organs  are  also  occasionally  att'ectcd. 

With  reference  to  the  size  of  metiistatic  tumours,  the  later  date  of  ihtt 
development  explains  why  they  are,  for  the  most  part,  smaller  than  the  prinuij 


tumour,  E5CC6pMotis,  however,  are  not  infrequent.  The  secondary  tumours 
may  become  larger  thiin  the  primary  one,  if  the  couditioua  of  nutrition  are 
more  favourable,  and  especially  if  several  secondary  tumoura  become  fused 
into  a  single  mass  during  their  growth. 


For  the  special  consideration  of  tumours  a  classification  of  the  various  forms 
is  necessary.  This  classification  is  founded  upon  their  histological  structure. 
Virchow's  researches  have  shown  that  many  tumour.s  consist  of  tissues  which, 
as  far  as  their  structure  is  concerned,  more  or  loss  completely  agree  with  tiormal 
physiological  forms  of  tissue,  while  other  tumours  show  deviations  which  ai'o 
chiefly  due  to  their  more  higlily  cellular  nature.  The  latter  arc  generally 
malignant  tumours,  which  are  distinguished  by  rapid  growth  and  tendency  to 
ulcerative  necrosis  and  local  recurrence,  by  the  formation  of  metastases,  and  by 
the  causation  of  a  cachectic  condition  through  auto-intoxication  by  the  products 
of  their  metabolism. 

We  can  best  do  justice  to  this  important  fact  if,  like  Virchow,  we  make  a 
separate  group  of  the  &iUidar  iujtwuni.  In  so  doing,  care  must  be  tjiken,  however, 
that  the  distinguishing  point  should  be  not  merely  the  great  number  of  cells, 
but  the  increase  in  number  of  cells  as  compared  >vith  the  corresponding  normal 
tissue. 

The  less  cellular  tumours  which  then  reroain  have  been  described  by 
Virchow  as  hiMiind  and  organoid  tumours.  The  histioid  tumours  are,  for  the 
most  part,  made  up  of  one  of  the  normal  tissues,  while  the  organoid  tumours 
consist  of  several  tissues  which  are  normal  as  regards  their  structure,  and  show 
an  arrangement  resembling  an  organ. 

This  chissification  is  of  great  importance  in  one  way,  since  it  clearly  indicates 
the  agreement  between  normal  and  autonomous  tissue  formation.  I  think  I 
ought  to  point  out,  however,  that  the  histioid  tumours,  which  consist  principally 
of  one  tissue,  as  a  matter  of  fact  show  a  structure  resembling  an  organ,  although 
it  is  certainly  less  distinct.  There  are  no  tumoui's  which  consist  exclusively 
of  one  tissue.  AH  tumours  possess,  at  least,  nutrient  vessels.  If,  as  in  small 
tumours,  these  lie  outside  of  the  area  of  the  tumour  proper,  they  are  still  an 
indispensable  constituent.  The  viiscuUn*  tumours  always  contain  connective 
tissue  or  analogous  varieties  of  tissue,  and  further,  the  histological  constituents 
of  the  histioid  fcumours  always  show  an  anungement  similar  to  that  found  in 
the  organs. 

For  the  sake  of  simplicity,  therefore,  the  distinction  between  histioid  and 
organoid  tumours  will  be  allowed  to  drop  and  the  le.^s  cellular  iumour.i  icill  be 
culledivdy  de!<mhed  as  organmd.  This  is  so  much  the  more  justifiable,  since  the 
histioid  tumours  always  show  a  number  of  structural  peculiarities  which  they 
take  from  the  organs  in  which  they  grow,  and  besides,  such  a  classification  makes 
it  very  much  easier  to  include  the  mixed  tumours  under  this  heading.  All 
tumours  are  capable  of  producing  mixed  forais.  Many  of  these  mixed  tumours, 
however,  require  to  be  specially  mentioned,  since  they  represent  typical  forms 
of  tumours  which  show  sijecially  close  resemblances  to  certain  organs. 

A  satisfactory  diagnosis  of  a  tumour  can  only  l>e  made  with  the  aid  of  the 
microscope,  since  their  histological  structure  has  been  selected  as  the  founda- 
tion for  the  nomenciature.  The  physician,  however,  must  endeavour  to  make 
the  diaguosis  during  life.  This  can  be  fairly  easily  done,  if  it  is  possible  to 
remove  small  portions  of  tumour  from  the  patient,  and  subject  them  to  micro- 
scopic examination.     This  is  not  always  permissible,  however,  and  besides,  the 
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value  of  such  limited  examination  is  not  satisfactory  ia  all  cases.     For  the 
diagnosis  of  tumours  during  life  an  accurate  knowledge  of  the  localisation  and  ■ 
external  appearance  of  the  tumours  is  of  great  importance,  and   this  must  ™ 
therefore  ho  now  more  minutely  considered. 

It  is  further  desirable  to  deal  briefly  here  with  those  structural  peculiarities 
of  the  tumours  which  can  be  observ^ed  with  the  naked  eye.  Microscopic 
examination  ma}"^  be  much  simplified  by  a  previous  examination  of  the  tumour 
with  the  naked  eye,  for  larger  areas  can  be  inspected,  and  it  is  therefore 
possible,  partly  at  least,  to  predict  the  result  of  the  microscopic  examination. 
Besides,  by  this  method  some  further  peculiarities  may  be  observed  which  are 
occasionally  of  great  importance  for  the  diagnosis  during  life. 

From  naked-eye  examination  it  is  possible,  in  many  cases,  to  recognise 
fairly  successfully  the  tissue  of  which  the  tumour  consists.  Connective,  fatty, 
mucous,  cartilaginous,  osseous,  and  non-striped  muscular  tissues  sometimes  a]>pear 
in  tumours  in  typical  easily  differentiated  forms.  Microscopical  diagnosis  of 
cartilaginous  and  mucoid  tissue  is  sometimes  difScult  and  uncertain  without 

previous  naked -eye  examination,  especiaUy 
when  the  cartilage  is  rich  in  mucin  and  con- 
tains unusual  forms  of  branching  cells. 

In  the  same  way  it  is  occasionally  possible 
to  recognise,  by  the  naked  eye,  the  results  of 
hffimon'hage,  pigmentation,  calcification,  fatty 
degeneration,  and  other  retrogressive  tissue 
changes. 

In  many  other  cases,  the  tissue  which 
forms  the  tumour  cannot  be  recognised  by 
the  naked  eye  directly,  but  certain  peculiari* 
ties  in  structure  may  be  seen  which  suggest 
its  nature.     The  structure  may  appear — 

(a)  Fascicular.  On  the  surface  of  a  section 
the  structure  of  the  tumour  shows  fascicular, 
striated    markings    which    have    a    peculiar 
lustre,  reminding  otic  of  that  of  the  surface 
of  damask  linen  (Fig.  353).     From  this 
it  may  be  conchided  that  the  tissue  el 
either  the  cells  or  the  fibres,  are  elongated  and  airanged  in  bundles  which  cro* 
each  other  in  different  directions.    This  condition  occurs  in  fibroma,  leiomyoaui 
neuroma,  and  sarcoma. 

(//)  MeduUari/,  so  called  from  the  resemblance  between  the  tumour  and  white 
brain  substance.  It  is  the  highly  cellular  tumours  more  especially  which  ahow 
this  structure,  such  as  sarcoma  or  cai*cinoma,  but  it  is  also  found  occasionally 
among  the  comparatively  cellular  organoid  new  formations,  in  many  tuyxomata, 
for  instance. 

(c)  Gdniifiom.  This  condition  is  found  both  in  myxomatous  tumours  and  ifl 
tumours  showing  myxomatous  degeneration.  The  mass  of  tumour  is  more  or 
less  transparent  or  translucent,  soft,  sometimes  shaking  like  a  thin  joUv,  coloar- 
lesa  or  yellowish.  When  vascular  it  is  reddish,  and  when  very^  cellular  or 
beginning  to  undergo  fatty  degeneration  or  calcification  it  becomes  white  vd 
cloudy. 

(d)  IIi/alitu\  The  tumour  is  transparent  or  translucent,  colourless  or  retldir^ 
Sometimes  it  is  hard  and  firm,  and,  under  certain  circumstances,  may  be  as  hinJ 
as  cartilage. 
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(<?)  Jlirolar.  Within  the  tumour  very  small  spaces,  alveoli,  are  seen  filled 
with  cells,  fluid,  or  a  gelatinous  eubstance. 

(/)  Acinous^  resembling  the  coareer  structure  of  an  acinous  gland. 

iff)  Cptk.  The  tissue  shows  large  and  small  spaces  with  smooth  walls  filled 
with  a  fluid  or  semi-solid  substance. 

(h)  CptmL  The  spEices^  which  are  filled  with  heterogeneous  Buljstancos,  have 
ragged,  irregularly-formed  walls  w^hich  show  different  forms  of  disintegnition. 


ni.  The  Individual  Forms  of  Tumour 


A,  Oxganold  Tumours 

Organoid  tuimmrs  eonsui  of  tmiu^s  whkh  art  idenfkal  in  fifntdure  with  th* 

phymlogiral  fisaues  of  thf  human  body.  The  grounds  for  this  definition  have 
been  given  above.  According  to  it,  organoid  tumours  include  the  following 
varieties  : — 

I.  Fibroma  7.  Angioma 

li.  Lipoma  8,  Myoma 

3.  Myxoma  9.  Neuroma 

4.  Chondroma  10.  Papilloma 

5.  Osteoma  11.  Adenoma 

6.  Glioma  12.  Cystoma. 

Tho&e  organoid  tumours  are,  in  general,  benign,  but  sometimes  take  on 
rapid  growth  and  are  transformed  into  malignant  cellular  tumours,  by  means 
of  a  considerable  increase  in  the  niimber  of  cells  they  contain  ;  into  sarcomata, 
by  the  growth  of  their  non -epithelial  constituents;  or  into  carcinomata,  by 
the  growth  of  the  epithelial  elements. 

1.  Fibroma 

A  fibroma  consists  chiefly  of  connective  tissue,  but,  at  tlie  same  time,  it  also 
contains  more  or  less  numerous  blood-vessels,  and,  und*-T  certain  circumstances, 
nerves  and  also  other  varieties  of  tissue. 

The  connective  tissue  is  made  up  of  cells  and  a  homogeneous  fibrillar  inter- 
cellular substance.  These  elements  are  always  present  in  proportions  which 
vary  within  limits  determined  by  the  resemblance  to  some  organ.  Accordingly, 
there  may  be  distinguished— 

{a)  Fibroma  dummy  distinguished  by  a  large  proportion  of  firm^  fibrillar, 
homogeneous,  intercellular  substance  (Fig.  354). 

{h)  Fil.^rwmi  umlU,  rich  in  fixed  connective  tissue  cells  (Fig.  355).  This 
tumour  represents  the  transition  to  the  cellular  connective  tissue  tumours,  the 
fibro-sarcoma. 

(c)  FUfronm  tdcangketatkum,  or  angio-fibroma,  is  diflTerentiated  by  the  presence 
of  numerous  capillaries. 

(d)  Fibroma  cavemomm,  distinguished  by  cavernous  blood  spaces.  With  these 
are  associated,  as  the  most  important  mixed  variety — 

(f)  Fibnmw  lipomaiodf^,  made  up  of  connective  and  fatty  tissues, 

(/')  Fihromu  mdjint.m,  formed  of  connective  and  osseous  tissues. 

Disintegration  and  retrogressive  tissue  changes  are  not  often  seen  in  the 
fibromata,  the  most  frequent  being  incrustation  with  lime- salts  {fibroma 
petrifiatm). 

Fibroma  is  one  of  the  most  common  tumours.     It  selects  the  organs  in 
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which  a  large  quantity  of  connective  tissue  is  physiologically  present,  such  as  the 
periosteum,  tendons,  fascio?,  kidneys  and  ovaries.  The  fibromata  of  the  mamma, 
nerves,  and  skin,  however,  are  distinguished  by  their  common  occurrence  and 
great  practical  importance. 

Fibroma  of  the  mamma  is  almost  exclusively  confined  to  the  female  sex.  It 
is  hereditary  in  the  female  members  of  many  families,  and  may  be  present  even 
as  early  as  the  period  of  puberty.  In  other  cases,  the  development  of  fibroma 
only  begins  after  repeated  pregnancies  and  births,  in  which  cases  a  hereditary 
predisposition   cannot  always  be    proved,   since  disturbances  of  lactation   by 
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suppuration  and  abscess  of  the  mamma  may  often  be  shown  to  be  the  eacciting 
cause.     Sometimes  a  distinct  cause  cannot  be  traced. 

Fibroma  of  the  mamma  sometimes  appears  as  firm,  ill-defined  strands  of 
connective  tissue  which  run  through  the  organ,  jilrr&ma  diffusum^  or  in  the  form 
of  rounded  nodules,  fibroma  tuheros^am.  These  are,  as  a  rule,  primarily  multiple, 
80  that  the  several  nodules  present  in  one  breast  may  be  of  very  unequal  size. 
It  frequently  happens  that,  after  removal  of  one  or  several  tuberous  fibromata 
of  the  mamma  by  operation,  new  tumours  of  the  same  structure  arise  whicb 
give  the  appearance  of  a  recurrence  such  as  hnppens  in  malignant  tumours.  If 
a  mammary  gland,  affectod  with  tuberous  fibroma,  be  minutely  examined,  a 
diffuse  hyperplasia  of  the  mammary  tissue  in  the  form  of  milky  opacities  mar 
not  infrequently  be  observed  between  the  harder  tumour  nodules.      This  diffuie 
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These  n euro-fibromata  appear  chieily  as  sfimdle-sliaped  thickenings  of  the 
nerv^e- bundles  (Figs.  357,  358).  Sometimes  these  spindle-shaped  thickenings 
are  so  numerous  that  the  nerve  undergoes  a  c/j^i«w  or  irregukr  vodulnr  thkkming 
(Fig.  357).  If  the  smaller  spindles  are  examined  singly  in  longitudinal  section, 
the  n^Txt  fibres  passing  through  may  l>e  easily  distinguiBhed  in  the  tumour, 
especially  if  the  nerve-sheaths  are  rendered  distinct  by  means  of  osmic  acid 
(Fig.  358).  If,  however,  the  tumour  becomes  larger,  the  fibres  can  only  be 
seen,  as  a  rule,  near  the  entrance  and  exit  of  the  nerve.  In  the  middle  of  the 
tumour,  the  separate  nerve  fibres  are  scattered  over  too  large  an  area  and 
frequently  lose  their  medullary  sheaths,  so  that  theii*  detection  is  much  more 
difficult.     It  appears,  however,  that  the  physiological  function  is  only  slightly 


FifJ.  359. — Plexiforai  lilirouia.    ou  tlio  nerves  of  tlic  arm.     Reproduct'd  from  a  pbotogi-apln. 


if  at  all  impaired  by  the  tumour  formation  as  a  nile,  which  proves  that 
destruction  of  the  axis  cylinders  in  the  tumour  does  not  occur. 

Sometimes  the  nouro- fibroma  becomes  a  sarcoma  (v.  Recklinghausen, 
Modrzejewski),  which  may  spread  further  by  metastasis,  as  was  jiroved  by 
Westphalen  while  working  in  my  laboratory. 

In  a  number  of  cases,  ncuro-fibromata  appear  as  large  subcutaneous  tumoiu*s 
composed  of  densely  intertwined,  thick,  worm-like  cords.  These  are  the  nerves 
with  diffuse  fibromatons  thickening.  Since,  in  this  case,  even  slender  nerves 
may  also  be  changed  into  large  cords,  the  whole  tumour  not  infrequently 
attains  a  large  size,  as,  for  example,  the  tumour  which  was  extirpated  by  Dr. 
Zoege  v.  Manteuffel,  and  examined  by  v.  Gernet  under  my  direction  (Fig.  359). 

The  nemo-fibromata  juat  described  were  formerly  regarded  as  neui'omata, 
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and  this  opinion  is  stilt  adhered  to  by  Kleba.  It  seems  to  me,  however,  that 
the  alleged  demonstration  of  newly-formed  nerve  fibres  is  not  satisfactory,  so 
that,  in  consideration  of  the  large  proportion  of  connective  tissue  in  the 
tumours^  the  term  fibroma  is  preferable  in  any  case.  The  last-mentioned 
vaiiety  of  tumour,  the  plexiform  or  racemose  fibroma,  has  been  very  thoroughly 
examined  and  described  by  Czerny,  P.  Bruns,  Naviwerk,  and  Hiirthle  and 
Horczel-  In  many  «^es  they  tjike  on  the  character  of  dephiniiasis — a  shapeless 
enlargement  of  indi\ndual  jwrtions  of  the  body.  The  case  in  Fig.  359  may  be 
classed  with  these  tumours. 

Neuro-tibroma  is  very  often  associated  with  fibroma  of  the  skin  (v.  Reckling- 
hausen). In  Fig.  359  some  relatively  small  cut;ineoiis  fibromata  of  this  kind 
are  seen  on  the  skin  of  the  thorax.  In  other  cases,  the  simple,  spindle-shaped 
neuro-fibromata  of  the  skin — also  called  molluscum  fibrosum,  from  their  soft 
consistence — are  to  be  seen  ovei'  the  whole  surface  of  the  skin  in  very  large 
numbers,  in  the  form  of  wart-like,  sometimes  pedunculated  growths.  Fig. 
360  shows  a  portion  of  the  skin  of  the  breast  with  such  neuro-fibromata, 
reduced  in  size.     Microscopical  examination  proves  that  these  fibromata  of  the 
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skin  are  also  to  be  regarded  as  neuro-fibromaUi,  as  fibromata  formed  on  ilui 
peripheral  terminations  of  the  cutitneous  nerves  (v.  Kecklinghausen).  Tlie 
tension  of  the  skin  causes  these  small  timiours  during  their  growth  to  extend 
from  the  skin  into  the  subcutaneous  tissue,  or  to  be  pushed  up  above  the  few 
surface  of  the  skin.  In  the  latter  case  they  carry  with  them  the  nMMt 
superficial  layers  of  the  corium  and  the  stratum  papillare,  as  well  as  the  rste 
Malpighi  and  the  superfictal  layers  of  the  epidemus.  The  hair  follicles  and 
glands  of  the  skin  are  sometimes  also  luised  with  it,  and  are  to  be  found  in 
varying  numbers  within  the  little  tumours. 

The  neuro-fibromata  of  the  skin  are  sometimes  present  even  at  birth,  or  b 
the  first  years  of  life.  In  such  cases,  however,  the  cutaneous  tumours  tend, 
as  years  go  on,  to  increase  greatly  in  size  and  number. 

Besides  the  tumours  just  described,  a  number  of  other  fibromatous  tumocm 
of  the  sk-in  require  separate  description. 

Among  these  shoiild  now  be  mentioned  the  elephantiasis-like  fibroma,  wliidi 
cannot  be  proved  to  be  associated  with  neiiro-filiroma  (Lahmann,  JordanK 
In  these  cases  neither  the  thick  worm-like  cords  of  the  plexiform  neuroma  nor 
the  spindle-shaped  neuro-fibroraa  are  present,  and,  in  the  place  of  subcutaneooa 
tissue,  there  is  a  thick  layer  of  connective  tissue,  sometimes  infiltrated  by  hXXt 
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tissue,  which  passes  imperceptibly  into  the  skin  proper.  Separate  parts  of  the 
body  may  thus  attain  an  enormous  size.  In  other  cases  the  elephantiasis  of 
the  parts  is  only  slight,  as  in  Fig.   361.     This  represents  a   pedunculated 
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fibroma  on   the   labium  majus,  which  is  thickened.      In  this  case,  also,  the 
thickening  is  not  eomiected  with  nerves. 

The  term  wart  is  applied   to   the  flat  or    irregularly -rounded   fibromata 
which  project  above  the  general  surface  of  the  skin,  and  are  covered  with  the 
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rete  Malpighi  and  superficial  epidermis.  In  many  cases  they  are  plentifully 
supplied  with  rounded,  plasmatic,  connective  tissue  colls  {mji  u\irh\  or  they 
consist  of  fiiTfl  fibrous  tis.siie  ijtard  wads).  Many  are  deeply  pigmented,  in 
which  case  the  pigment  which  is  developed  in  situ  is  located  either  in  the 
retc  Malpighi  or  in  the  connective  tissue,  generally  in  both  (piipncnted  warts). 
Xoints  or  motJur'i;  jiuirk  is  a  small  organoid  tumour  of  the  skin  which  is 
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visible  at  birth.  The  chief  varieties  are  the  fibrous,  the  pigmented^  and  the 
vascuhr  ncevi.  The  last  mentionad  will  be  again  considered  under  AngiomatSL 
The  first  two  not  infrequently  appear  as  congenital  warts.  Their  importance 
is  due  to  the  fact  that  in  later  life  thej  are  occasionally  transformed  into 
cellular  tumours,  into  pigmented  or  non-pigmented  sarcomas,  and,  should  the 
epithelium  take  on  rapid  growth,  into  carcinomas, 

The  soft  warts  include  the  zanfhrhmw.f  a  tumour  consisting  of  plasmatic,  | 
connective  tissue  cells,  and  coloured  bright  yellow  by  the  yellow  fat  drops 
enclosed  in  the  cells  (Fig,  362).     Those  are  sometimes  found  as  small,  flat  new 
growths  on  the  skin  of  the  eyelid.     In  other  cases  the  tumours  are  bigger, 
Xfinihehtajna  tubei-osum,  and  are  found  in  many  parts  of  the  body, 

Krhnd  is  a  fonnation  which  may  occur  sponttineously  or  as  a  consequence 
of  injury.  It  is  an  irregularly-formed,  occasionally  radiating  new  formation 
of  cic'itricial  tissue,  situated  in  the  skin  and  subcutaneous  tissue.     Some  keloid 

gT"Owths  develop  into  angiomata,  others  into 
sfircomatous  cellular  tumours. 

Mclano-Jihromu,  or  tntianoma  Jibra<mr)\  is  an 
autochthonous  pigmented  fibroma,  occurring 
most  frequently  as  a  pigmented  nsevtis  or 
pigmented  wart  of  the  skin  (Fig.  363).  Small 
flat  tumours  with  black  pigment,  which  are 
worthy  of  note,  occur  occjisionally  in  the  eye, 
as  melanoma  of  the  iris  and  choroid. 

Psamwihfihnrma  is  a  tumour,  usually  soft, 
vascular,  and  cellular,  cha-racterised  by  the 
presence  of  numerous  laminated  calcareom 
concretions  (Fig.  271,  p,  405).  These  tumoura 
are  developed  mainly  in  the  pia  and  dura 
mater  and  the  choroid  plexus  of  the  brain. 
They  are  very  rarely  present  in  other  placet 
They  may  develop  into  psaramo-sarcoma  by 
an  iiioreiise  of  their  cellular  cotistitucnts. 
The  presence  of  such  sand  granules  is  not 
by  any  means  limited  to  filjroma  and  sarcoma.  On  the  contrary,  psanuBO- 
glioma  and  psammo-carciuoraa  are  also  known. 
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2.  Lipoma 

Lipoma  is  a  tumour  consisting  of  fatty  tissue.  According  to  the  predomin- 
ance of  fat  cells,  connective  tissue,  or  blood-vessels,  there  may  be  distinguished 
itptwio  molh^  li-poma  fibrosum,   Hpi/ma  teleanffiedaticumf  and   lipoma  eavemosum. 
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Among  the  mixed  tinnours  the  combination  of  lipoma  and  myxoma,  lipoma 
mp^matod^.<ff  must  be  specially  mentioned.  This  is  to  be  distinguished  from 
lipoma  with  myxomatous  degeneration,  lipoma  niudnosunk  Ossificfition  and 
petrification  is  also  seen  in  lipoma,  lipjma  a'idfienm  and  lipfyma  pdnjinim. 

Lipfma  is,  relatively,  a  very  benign 
tumour  which  never  forms  metasUises, 
and  can  only  develop  a  cellidar  variatioii 
and  give  rise  to  sarcoma  after  previous 
conversion  into  fibroma  or  myxoma. 
Any  injury  produced  by  lipoma  is  prin- 
cipally through  pressure  on  the  sur- 
rounding tissues  and  organs.  Large 
lipomas  cause  discomfort  to  the  i>atient 
by  reason  of  their  weight. 

Lipomas  occur  wherever  fat  is  found 
under  normal  circumstances,  either  as 
solitary  or  us  multiple  primary  tumours. 
They  are  found  chiefly  in  the  subcut-aue- 
ous  fatty  tissue,  in  the  intermuscular, 
and  in  tho  intertendinous  tissue  (Fig. 
364).  In  the  subcutaneous  tissue  they 
are  most  common  in  the  region  of  the 
neck  and  shoulders,  but  are  by  no  means 
infrequent  in  other  parts  of  the  body, 
however.  They  occur  in  the  above 
situation  as  tuberous  tumours.  Between 
the  muscles  and  tendons  they  appear,  as  a  rule,  irregularly  lobulated  (Fig.  365). 

Lipomata  are  comparatively  frequent  in  the  peritoneum,  mamma,  aud 
kidneys.  Lipoma  of  the  ^H'lthni'itm  sometimes  occurs  in  a  polyp>id  form,  the 
tuberous  tumour  being  raised  above  the  free  surface  of  the  peritoneum  and 
ordy  connected  with  it  by  a  jjcduncle.  LipomaU  are  also  found  on  the  pouch- 
like projections  which   the  peritoneum  sends  ijito  the  inguinal  and  femoral 
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cfttiabi  aiid  other  openings  in  the  abdominal  wall  for  the  transmission  of  vessels 
In  the  mamma  many  lipomata  form  large^  lobulated  tumours.  In  the  kidne^f 
lipoma  is  found  extending  along  the  large  divisions  of  the  vessels  at  the 
boimdsrj  between  medulla  and  cortex,  or  between  the  connective  tissue  lay  era 
of  the  caiwule  of  the  kidney,  ae  flat,  disc-shaped  tmnours,  and  lastly*  in  the 
loose  cellular  tissue  round  about  the  kidney  {capsular  lipoma).  This  last  is  very 
often  found  associated  with  c'urhosis.  Great  development  of  the  epicardiol 
fat  which  ciujTounds  the  heart  in  thick  masses  is  sometimes  called  capsular 
lipoma  of  the  heart  This  term,  however,  is  only  justifiable  when,  fi-om  soma 
cause,  an  independent  development  of  fatty  tissue  can  be  demonstrated. 

The  development  of  lipomata  is  decidedly  favoured  by  a  tendency  to  obesity. 
The  autonomous  nature  of  the  tumour  is,  however,  manifest  as  soon  as  the 
excessive  fat  of  the  body  disappears,  from  any  imptiirment  of  the  general 
nutrition.     In  these  cases  the  lipoma  remains,  as  a  rule,  unaltered. 

Lipomata  are  usually  shaiply  separated  from  surrounding  parts  by  connective 
tissue  septa,  and  may  therefore  be  easily  Bhelled  out  in  operations. 
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3.  Myxama 

Myimna  consists  of  mucoid  tissue  containing  blood-vessels.  Mucoid 
is  distinguished  from  connective  tissue  by  its  soft,  gelatinous  consistence,  and 
by  the  gi'eat  quantity  of  the  homogeneous  intercellular  substance  containing 
mucin  which  is  present.  The  mucin  may  sometimes  be  demonstrated  without 
further  preparation  as  a  white  precipitate  which  appears  whenever  dilute  acetic 
acid  is  brought  into  contact  with  the  tumour,  Besides  the  homogeneous 
iiitercelhilar  siibsUnce,  some  gelatinous  substance  and  some  elastic  fibres  and 
rounded  or  braiurhin^  cells  (Fig.  366)  are  present  as  a  rule. 

Since  those  comjionent  parts  are  present  in  unequal  amount  in  differeot 
cases,  wo  may,  likts  Virchow,  distinguish  different  subdivisions,  rnyjtma 
geUttirifjisttrn,  which  is  largely  auppUed  with  homogeneous  intercellular  substance; 
myjumia  Jihrosuui,  with  a  gret\t  development  of  fibrillar  intercellular  substance  ^ 
mt/xmmi  medullarf„  distinguisliod  by  the  increase  of  its  cellular  elements  and 
foitning  the  transition  to  the  corresponding  cellulai*  form  of  tumour,  the  myxo- 
sarcoma  ;  mifXJ*nta  Ulmn^miaticumy  furnished  with  numerous  capillaries  ;  myxoma, 
fiavemosutHy  containing  many  cavernous  blood-vessels.  To  these  are  added  the 
transition  forms  to  lipoma,  myxama  Upomitodts^  and  enchondroma,  tn^fxarM 
cartiiiuthuruniy  and  lastly,  the  nnjxanui  cystoide^^  distinguished  by  central  mucoid 
softening  and  liquofaction  of  the  tumour. 

Mucoid  tissue  only  occurs  in  the  adult  human  body  in  the  vitreous  btunour 
of  the  cyr,  a  region  where  no  rayxomata  are  formed.  Therefore,  the  stnte- 
turo  of  myxoma  always  shows  a  ceitain  deviation  from  the  structure  of  the  pwi 
where  it  occurs.  It  is  heterologous  within  narrow  limits.  It  shcNild, 
acconlingly,  rank  jmiong  the  organoid  tumours  as  a  relatively  matigiUBt 
tumour,  tlie  malignancy  being  shown  by  its  tendency  to  pass  into  myxo- 
sarooma.  A  metast;itic  myxoma  lias  also  been  described  which  should  certainly 
be  reckoned  among  the  myxo-sarcomas.  The  fact  that  the  different  fonns 
of  connective   tiraue  may  pass   into   each   other   by  metaplasia   gives   some 
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explanation  of  the  localisation  of  myxomas ;  so,  also,  does  the  fact  that  in  the 
fojtus  the  connective  and  fatty  tissues  are  both  preceded  by  mucoid  tissue, 
Tliis  explains  why  fibroma  and  lipoma  may  be  replaced  by  myxoma.  Accord- 
ingly, myTcoma  is  very  frequently  found  in  the  subcutaneous  and  intermuscular 
tissue — a  localisation  similar  to  that  of  lipoma.  Myxoma  is  further  frequently 
found  in  the  mamma  and  in  other  glands,  such  as  the  salivary  glands  and  the 
testicle.     Neuro-fibromata  also  sometimes  become  myxomatous. 

The  mynymaia  of  th^i  miwons  membranes  are  the  only  ones  which  require  to 
be  separately  considered.  These  occur  either  as  single  or  as  primary  multiple 
growths  in  the  mucous  membrane  of  the  nose,  the  larynx,  the  digestive  tract, 
the  uterus,  and  other  orgiins.  They  sometimes  contain  a  largo  number  of 
enl&rged  mucous  glands.     Myxoma  of  the  nasal  mucous  membrane,  the  larynx, 
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Pia.  946.— Ufzomji  gelatinow  of  the  mibcut&ueoiu  tlnuo,  x&TO. 

and  the  uterus  are  often  associated  with  chronic  catarrhs  of  these  mucous 
membraneSj  which,  undoubtedly,  are  of  considerable  etiological  importance  as 
regards  the  development  of  myxoma.  In  consequence  of  catarrh — that  is,  in 
consequence  of  some  toxic  or  infective  action — the  mucous  membrane  proliferates, 
and  this  leads  to  diffused  thickening.  In  some  of  the  cases,  .it  least,  poly])oid 
tumour-Eke  myxomatous  growths,  with  a  broad  base,  are  also  present.  As, 
however,  the  chronic  catarrhs  which  lead  to  hyperplasia  of  the  mucous 
membranes  are  not  alwaj^s  associated  with  myxomatous  growths,  and,  on  the 
other  hand,  myxomata  are  also  found  on  mucous  membranes  which  are 
otherwise  normal,  catarrh  cannot  be  accepted,  in  any  case  perhaps,  as  a 
sufficient  cause.  It  is  so  much  the  more  necessary  that  other  etiological 
factors  should  be  sought  which  are  founded  upon  individual  pecidiarities. 

Myxoma  of  the  chorionic  villi  has  already  been  described  under  Malformations 
(p.  196,  dseq.) 


544 


CHONDROMA 


4.  Chondroma 

Tumours  consisting  of  cartilaginous  tissue  are  described,  generally,  as 
chondromata.  They  contain  hyaline,  fibro  or  elastic  cartilage,  or  other  forms  of 
cartilage  which  .are  distinguished  from  those  mentioned  by  a  somewhat 
different  arrangement  of  the  cells  (Fig.  367).  To  the  naked  eye  the  tissue  is 
always  distinguished  by  its  opalescence  and  its  hardness.  The  hardness  is 
present  to  some  extent  even  when  the  cartilage  is  rendered  more  transparent 
by  increase  of  the  water  and  mucin  it  contains. 

The  cartilaginous  tissue  of  the  chondroma  has  few  or  no  blood-vessels.  It 
is  nourished  by  an  enclosing  vascular  membrane  like  a  perichondrium.  In  the 
larger  cartilaginous  tumours  there  are  also  vascular  connective  tissue  septa 
which  traverse  the  cartilaginous  tissue  in  many  directions  and  divide  it  into 
small  islets  of  cartilage  (Fig.  367,  a). 

Cai'tilaginous  tumours  originate  either  by  the  growth  of  normal  pre-exiating 
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cartilage,  a^^hondromcif  or  they  develop  from  the  other   forms  of    connect^ 
tissue,  especially  from  connective  tissue  proper,  emhmdnmin. 

Ecdujndronmta  appear  as  rounded  or  polypoid  outgrowths,  which  are  gener- 
ally multiple  from  the  first,  from  the  costal  cartilages,  the  lar}Tix,  the  trachflal 
cartilages,  the  intervertebral  discs,  and  other  structures  containing  cartilage. 
They  frequently  undergo  myxomatous  softening,  petrification,  and  ossification. 
The  sphono-occipital  ecchondrosis  is  of  special  interest.  It  is  a  cartilaginoiw 
tumour  which  grows  up,  raising  the  dura  before  it,  from  the  cartilaginous 
symphysis  between  the  bodies  of  the  sphenoid  and  occipital  bones,  which  is 
not  ossified  until  the  end  of  the  period  of  growth.  The  hypothesis  that  Uiii 
tumour  is  to  be  regarded  as  a  growth  of  the  anterior  extremity  of  the  noU>- 
chord  cannot  be  maintained,  however.  Later,  when  the  symphysis  is  ossified, 
this  tumour  assumes  a  peculiar  appearance.  It  is  then  placed  with  a  short 
peduncle  on  a  small  conical  elevation  on  the  surface  of  the  bono  and  is  finnljr 
adherent  to  the  dura  mater. 
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Slidtondnmtaia  are  very  frequent  oa  the  bme.^,  where  ttiey  originate  either 
in  the  [>enosteum  or  the  hone-marrow,  hut  never  from  the  articular  cartilages. 
Among  the  long  bones  thej  select,  in  preference,  the  small  long  hones  of  the 
hand  and  foot,  especially  the  phalanges.  They  are  fairly  common  on  the 
femur,  and  in  this  situation  may  grow  to  a  very  large  size.  The  enchondromata 
of  the  phalanges  of  the  fingers  and  toes,  on  the  other  hand,  are  small  tumours 
which  occasionally  become  iia  large  as  a  fist,  are  frequently  multiple  primary 
growths,  occurring  on  several  phalanges,  and  may  appear  within  the  first  few 
years  of  life.  Among  other  parts  of  the  skeleton  the  flat  bones  of  the  pelvis 
and  shoulder-girdle,  ami  the  under  and  upper  jaw  are  often  affected.  The 
enchondruma  of  the  pelvis  and  shoulder-girdle  grow  to  a  specially  large  size. 

EnchondromatA  of. the  soft  part^  are  also  not  infrequently  observed  in  the  skin 
of  the  lace,  the  fasciic,  the  lungs,  mamma,  jmrotid  and  submaxillary  glands, 
and  in  the  testicle.  Some  of  the  enchondromata  of  the  skiu  of  the  face 
are  to  be  classed  with  the  auricular  appwndages  which  have  already  been 
mentioned  (p.  202),  and  are  therefore  tumours  in  connection  wth  imperfect 
closure  of  the  embryonic  clefts. 

The    enchondromata    of    the  --"^'    ^^ 

salivary  gland  and  testicle  are 
the  most  common  which  are 
found.  The  enchondromata 
in  both  these  situations  are 
distinguished  by  the  fact 
that  they  very  frequently 
appear  as  mixed  tumours. 
The  mixed  tumour  of  the 
parotid  and  submaxillary 
glands  (Fig.  368)  consists,  as  a 
rule,  of  fibro  -  cartilage,  which 
contains  a  greater  or  less 
quantity  of  irregular  epithelial 
elements.  This  epithelium  is 
derived  from  the  acini  of  the 
gland,  remains  of  the  original 
tissue  which  have  been  en- 
closed by  the  tumour  (Fig.  369).  Connective  and  mucoid  tissue  is  also 
occasionally  met  with  in  these  tumours,  and  also,  under  certain  circurastanceSj 
cellular  variations  in  the  form  of  sarcomata  and  carcinomata.  Tlie  mixed 
tumours  of  the  testicle  are  similar,  except  that,  as  a  rule,  hyaline  cartilage 
takes  the  place  of  fibro-cartilage.  Besides  this,  it  seems  to  me  that  the  mixed 
tumours  of  the  testicle  become  sarcomatous  sooner,  and  this  sarcoma  is 
relatively  very  malignant  in  character. 

From  these  mixed  tumours  of  the  salivary  gland,  and  more  fivquontly  still 
from  those  of  the  testicle,  metastases  originate  by  tnea^na  of  the  blood  and 
lymph  channels.  The  metastases  may  be  sarcomatous  or  carcinomatous  in 
character.  Simple  enchondroma  may  also  sometimes  extend  by  means  of 
metastasis.  In  order  that  this  may  occur,  it  is  apparently  necessary  that  the 
intercellular  substance  should  previously  undergo  myxomatous  softening. 
Small  rounded  local  metastatic  growths,  from  the  size  of  a  bean  to  that  of  a 
walnut,  are  to  be  found  among  the  muscles  in  the  neighbourhood  of  large, 
centrally  softened  enchondromata  of  the  shoulder,  the  pelvic  girdle,  or  of  the 
femiir.     Sometimes  metastatic  nodales  of  enchondroma  are  also  found  in  the 
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situations  an  ingrowth  of  the  cartilaginous  masses  of  the  primary  tumour  into 
the  great  veins  may  in  some  cases  be  observed  (Virchow). 


Fio,  370.— 0«t«oma  fipongiosum  uf  tlie  lower  Jaw,  xlSS. 

Euchondroma  is  thus  one  of  the  malignant  varieties  of  organoid  tumour 
even  although  the  metastasis  occurs  relatively  late.     Large  Buperficiolly  plKed 
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enchondromata  may  prove  dangerous  in  another  way.  The  softened  central 
portion  of  the  tumour  sometimes  ruptures  externally  through  the  skin  and 
begins  to  auppurate.  An  ulcer,  which  shows  no  disposition  to  heal,  is  formed, 
extending  from  the  surface  of  the  skin  deeply  into  the  tumour  mass.  This 
atomic  ulcer  of  eafiilage  exposes  the  patient  to  all  the  risks  of  general  septic 
infection. 

6.  Oflteoma 

Tumours    which   consist   of    osseous    tissue   are    tenned    osteomata.       A 
distinction  is  made  between  odeoma  eburneam^  which  is  formed  of  compact  bony 


Fto.  371.— GontiauoBs,  tanijliiom  osteomftin  thn  linea 
upera  of  Qie  femur. 
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substance,  ostewnia  spongummi^  which  corresponds  in  structure  with  the  spongy 
part  of  normal  bone  (Fig-  370),  and  vdeama  vicdnUosum^  which  presents  a 
covering  of  compact  bone  with  a  centriil  medullary  space. 

Very  many  osteomata  arise  from  the  bones.  They  are  seated  either  on  the 
surface  (corliad  osiemmta,  vjvstosrtf),  or  they  are  found  in  the  interior  of  bones 
{central  ostemnaia,  enft^oarji). 

Characteristic  fonns  of  cortical  osteomata  are  frequently  found  in  the 
vault  of  the  cranium,  in  the  form  of  flat,  nummular,  and  wai'ty  bony 
excrescences  on  the  outer  table.  These  are  undoubtedly  periosteal  in  origin. 
In  other  cases  the  osteoma  is  situated  at  the  point  of  attachment  of  fascise, 
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tendons,  and  ligamenta  These  fascial,  tendinous,  and  ligamentous  osteomata 
may  be  firmly  united  with  the  bone  (continuous  fascial,  tendinous,  and 
ligamentous  osteoma),  as  is  seen,  for  example,  in  the  osteoma  situated  in  the 
linea  aspera  of  the  femur  in  Fig,  371.  In  other  cases  this  connection  is 
absent,  and  the  osteomata  lie  separate  from  the  boue,  in  one  of  the  above-named 
connective  tissue  stnictures  (discontinuous  tendinous,  fascial,  and  ligamentous 
osteomata). 

As  an  example  of  central  osteoma  we  may  Uke  the  small  tumour  repre- 
sented in  Fig.  372,  wliich  is  situated  in  the  spongy  part  of  the  neck  of  the 
femur.  The  central  osteomata  of  the  cavities  of  the  bones  of  the  face, 
especially  the  antrum  of  Highmore  and  the  frontal  sinus  (Fig.  373),  are  of 
greater  importance.     These,  by  their  progressive  gi-owth,  cause  the  absorption 
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of  the  bony  walls  of  these  cavities,  appear  beneath  the  skin  and  break  into  the 
orbit  or  cmnial  cavity, 

Osteomat^t  of  the  soft  parts  may  iuise  by  ossification  of  ecchondroses  and 
enchondromata,  or  they  are  pro<iuced  directly  from  the  connective  tissue  of 
organs  by  a  process  of  metaplasia  or  neoplasia.  The  most  common  forms  of 
this  group  of  tumours  occur  as  small  plates  and  fragments  of  bone  or  osteoid 
tissue,  which  appear  as  primary  multiple  growths  in  the  pia  mater  of  the  spinal 
cord.  Flat,  bony  growths  between  the  connective  tissue  UunelliL'  of  the  dura 
mater  are  more  rare.  One  of  these,  which  had  developed  in  the  falx  cerebri, 
is  represented  in  Fig.  374  (natural  size).  They  are  analogous  to  cup-shaped 
osteomata  of  the  choroid  ami  sclerotic,  while  the  osteomata  of  the  vitreous 
correspond  to  those  of  the  skin.  Bony  growths  occur  occasionally  in  many 
other  organs,  in  the  lungs,  in  the  mucous  membrane  of  the  trachea,  in  the 
brain,  in  tlie  penis,  and  in  the  muscular  system.     Mauy  of  these,  however,  arise 
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in  consequence  of  local  lesions  of  various  kinds,  so  that  they  do  not  always 
preserve  the  autonomous  character  of  tumours. 

The  osteoid  iuwmir:^  form  a  special  group.  They  consist  principally  of  osteoid 
tissue — that  is,  of  a  tissue  which  presents  the  essential  characters  of  bone,  but  is 
devoid  of  bony  salts  (Fig.  37.5).  Since  the  tissue  has  also  been  termed  bone 
cartilage,  these  tumours  have  been  termed  osteoid  chondromata,  and  where  they 
pass  into  the  cellular  form,  osteoid  ftarcomata.  Osteoid  tissue  can^  however,  be 
readily  distinguished  with  the  naked  eye  from  cartilage  proper  by  its  fine 
spongy  stnicture.  It  is  traversed  by  numerous  Haversian  canals  carrying  blood- 
vessels, which,  as  a  rule,  run  in  a  direction  at  right  angles  to  the  surface  of  the 
tumour. 

The  osteoid  tumoui-s  chiefly  affect  the  larger  long  bones,  such  as  the  femur 
and  himierus,  from  the  periostcimi  of  which  they  arise. 

The  osteomata  of  the  teeth,  or  denkti  osteorfmia^  grow  from  the  cement  of  the 
tooth,  which,  as  is  well  known,  consists  of  true  bony  tissue.  They  arise  from 
the  root  of  the  tooth,  where  they  form  outgrowths  of  varying  size.  On  the 
other  hand,  the  odmiomaki,  which  consist  of  dentin,  occur  not  only  on  the  root, 
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Pio.  374.— OHt«oma  dnnc.  m&triit  tram  the  lUx 
rjsrt'bri.    NaturaJ  aife. 


Fjri.  S7A.— Ostoold  iisiue.  n,  in  procen^  of  trannfor- 
luation  Into  omioons  tissue.  From  i»ii  osteoid  sar- 
eoiiMi  of  the  feinnr.     •/.  4O0. 


but  also  on  the  neck  and  on  the  crown  of  the  t«eth.  They  form  hemispherical 
or  almost  spherical  projections  which  may  roach  the  size  of  Ji  pigeon's  egg. 
They  are  sometimes  asaociated  with  the  coalescence  of  two  teoth  which  have 
been  retained  within  the  jaw~a  malformation  which  indicates  that  the  odonto- 
mata  are  formed  in  consequence  of  a  disturbance  of  nutrition. 
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e.  Qlioma 

Gliomata  consist  of  neuroglia,  the  supporting  substance  peculiar  to  the  central 
nervous  system,  and  of  blood-vessels.  The  vessels  have  a  connective  tissue 
sheath  derived  from  the  mesoblast,  resembling  the  pia  sheiith  round  the  small 
vessels  in  the  brain.  The  neuroglia,  however,  is  distinguished  in  a  marked 
fashion  from  the  other  interstitial  tissues,  not  only  by  its  derivation  from  the 
epiblast,  but  also  by  its  histological  structure.  The  cells  of  the  neuroglia  have 
a  brush-like  or  spidery  appearance  (brush  and  spider  cells  of  Deiters),  while  the 
intercellular  substance  is  distinguished  by  its  finely  fibrous  character  (Fig.  376). 


Ktr..  37S.— Glioinn  frouk  Uie  oertkal 
I«rt  of  thn  coni.  The  tumoor  > 
Hhadvd  tUrk  to  (lUUntniisb  it  frwa 
thtt  (^ray  nn<l  while  iiub«UMa  of 
llii>  coni  wUieh  It  i/i  rniiipir— <■! 
ull  rutuid  about  it.  iUffMti 
IS:  6. 

Genenilly  speaking,  the  glkmia  mollc  is  more  celliilar,  the  glioma  durum  leas  sa 
In  addition  to  these  varieties  there  are  the  glioma  tekangiectaticum  and  tl»e 
p.mmmo-gU&may  the  latter  of  which  is  distinguished  by  the  presence  of  calcareous 
laminated  concretions.  Ceotrai  disintegration  w\th.  the  formation  of  cavitieft  br 
softening  are  not  infrequently  observed,  glimna  ct/sf&uU'^, 

Gliomata  are  limited  exclusively  to  the  central  nervous  system  and  to  thaw 
parts  of  the  peripheral  nervous  system  which  are  developed  as  outgrowths  from 
the  embryonic  cerebral  vesicles,  viz.  the  retina,  optic  nerve,  and 


outgrowths  from      ^ 
d  olfactory  lobe      ^H 
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ganglion  cells,  as  is  illustrated  by  the  section  reproduced  by  my  fellow-worker. 
Dr.  N.  Sokoloff  (Fig.  380).  Under  tbese  circumstances,  the  glioma  contains,  of 
course,  a  great  many  ganglion  cells  and  nerve  fibres.  These,  however,  are  only 
the  remains  of  the  original  tissue,  so  that  it  docs  not  appear  necessary  to 
establish  a  separate  variety  of  tumour,  the  neuroglioma  ganglio-cellulare. 

Gliomata  of  the  brain  and  spinal  cord  frequently  occur  early,  even  within 
the  first  few  years  of  life.  They  are,  as  a  rule,  slowly- growing  tumours. 
They  interfere  with  individual  nerve-tracta,  but  for  a  long  time  do  not  cause 
any  serious  symptoms  of  cerebral  ana?mia.  It  is  only  when  they  attain  a  con- 
siderable size  or  become  rapidly-growing  sarcomata  that  these  tumours  seriously 
encroach  upon  the  space  within  the  skull,  and  so,  by  increase  of  intracranial 
pressure,  give  rise  to  compression  of  the  capillaries  and  general  cerebral  anremia 
(see  p.  299). 

Glioma  of  iJic  eye  must  be  considered  separately.  It  gr-ows  from  the  nuclear 
layer  of  the  retina,  a  circumstance  which  fiiads  its  analogj'  in  the  cerebellum 
where  glioma  develops  from  the  granular  layer.  Glioma  which  originates  in 
the  retina  afterwards  grows  into  the  vitreous  humour  of  the  eye.  It  then 
tiiiickly  makes  its  way  through  the  sclerotic  and  appears  in  the  fatty  tissue  of 
the  orbit  This  penetration  of  the  sclerotic  is  characteristic,  as  a  rule,  of  the 
transition  of  the  tumour  into  glio-sarcoma.  The  glio-sarcomata  of  the  oyo  are 
distingiiished  by  their  highly  malignant  nature.  They  grow  rapidly,  fre<pjently 
return  after  extirpation,  and,  by  means  of  the  blood-vessels,  lead  to  metastatic 
growths  in  the  internal  organs. 
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7.  Aiigioma 

Angiomiata  may  be  divided  into  h«mangiomata  and  lymphangiomata. 

Hwifutn^ionuita  consist  of  blood-vessels,  arteries,  capillaries,  and  veins. 
Sometimes  a  cavernous  tissue,  like  that  normally  met  with  in  the  corpora 
cavernosa  of  the  penis,  appears  in  the  place  of  the  capillaries.  Between  the 
blood-vessels  lies  a  small  amount  of  connective  tissue  or  one  of  the  related  forms 
of  tissue.  If  this  tissue  occurs  in  great  quantity,  mixed  tumours  are  formed, 
teleangiectatic,arterio- vascular,  and  cavernous  fibroma,  lipoma,  myxoma,  sarcoma, 
etc,,  which  have  also  received  the  name  of  false  angioma  or  angioma  spurium. 

The  nature  of  the  true  angioma,  in  which  the  chief  portion  consists  of 
blood-vessels,  is  determined  by  the  characteristics  of  the  latter.  Their  sub- 
divisions may  accordingly  be  distinguished  : — 

Haman^rna  tekangiecfutiaim  or  ieleangiedans  is  distinguished  by  its  very 
great  development  of  capillaries  and  relatively  scanty  formation  of  arteries  and 
veins  (Fig.  381). 

Hcenumffiama  arterude  or  iuiiuw  va^srtthsm  urtenolh  is  made  up  of  numerous 
small  arteries  with  a  relatively  small  development  of  capillaries  and  veins 
(Fig.  382). 

Hfmmngioma  caverTMSftm^  also  called  simply  tumor  cavemosus,  showv 
numerous  cavernous  blood  sinuses  lined  with  epithelium,  which  are  interposed 
between  the  branches  of  the  arteries  and  veins  (Fig.  383). 

The  hsemangiomata  appear  to  be  due  to  many  different  causes.  Many 
hsemangiomata  develop,  in  early  life,  in  situations  which  correspond  to  the 
embryonic  clefts,  such  as  the  facial  or  branchial  clefts.  These  Jis^rural  aTujiomah 
are  accordingly  foimd  in  the  face,  the  cervical  region,  and  the  upper  portion  of 
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the  breast,  %.e.  within  the  areas  of  skin  which  formerly  showed  branchial 
clefts.  Those  angiomata  which  are  placed  at  orifices,  of  the  urethra  especially, 
and  which  are  also  most  frequent  in  early  life,  originate  in  a  similar  manner. 
It  is  manifest  that  conditions  are  present  at  those  orifices  either  during  growth 
or  at  their  closure  which  lead  to  the  formation  of  angiomata.  These  angiomata 
are,  for  the  most  part,  teleangiectases ;  in  other  cases  they  appear  as  cavernous 
tumours.  Their  growth  may  sometimes  be  traced  during  life.  Firsts  a  few 
small  red  points  are  observed  which  may  remain  stationary  for  a  long  period, 
but,  under  certain  circumstances,  may  increase  in  size.     They  are  gradually 
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Fio.  381.— TeleangiectuiB  of  the  akin  and  subcntaoeons  cellul«r  tiMue.    a,  Sebueona  gUnda  ;  b,  hair  follicle ; 
c,  sweat  glands ;  d ,  flat  cells.    The  rest  of  the  section  consists  of  capillaries,  arterlea,  and  veins,    x  82. 

transformed  into  tumours  which  have  a  certain  resemblance  to  a  cock's  comb,  or 
which  form  large  red  projections  on  the  skin.  Other  fissural  angiomata  are 
situated  more  deeply  in  the  soft  jmuIs  of  the  neck.  Some  of  these  fissural 
angiomata  are  present  at  birth,  and  may  accordingly  be  classed  among  the 
vascular  mother's  marks,  the  turn  vascuhsi.  These  are,  it  is  true,  also  present 
on  other  parts  of  the  body,  so  that  all  nsevi  vasculosi  are  not  fissural  angiomata. 
The  development  of  many  angiomata  appears  to  be  determined  by  the 
cutaneous  nerves.  These  are  the  teleangiectases  of  the  skin,  which  begin  as 
small  red  specks  and  then  spread  on  the  surface  of  the  skin  over  an  area 
corresponding  to  the  distribution  of  the  peripheral  branches  of  a  cutaneous 
nerve.     Such   neuropathic  angiomaia  have   been  repeatedly   described  by   v. 
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Barenspning,  Th.  Simon,  and  O.  Simon,  Fig.  384  gives,  as  an  example,  the 
localisation  of  a  teleangiectasis  in  the  area  of  the  peripheral  terminations  of  the 
first  and  second  divisions  of  the  trigeminus. 

Cavernous  tumours  of  the  liver  are  specially  common  in  advanced  age,  and 
affect  women  more  than  men.  They  may  therefore  form  the  third  etiological 
group  of  smile  an^imrtata. 

Traumatic  anf^iomaki  form  the  fourth  gi-oup.  These  are  the  cicatricial 
tumours  or  keloid  which  appear  after  injury,  and  are  distinguished  by  a  rich 
development  of  vessels.  Many  tumours  belonging  to  this  group  are  mainly 
formed  of  dilated  arteries. 

This  consideration  of  the  etiology  has  by  no  means  covered  the  whole  group 
of  the  angiomata.     It  leaves  out  of  consideration  many  tumours  in  the  skin. 
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muscles,  glands,  and  intestinal  canal  especially,  in  which  the  most  important 
forms  of  hsemangiomata  are  contained.  In  conclusion,  the  question  arises  how 
far  the  origin  and  growth  of  ha?mangioma  can  be  explained  histo-mechanically. 
In  reply  to  this  question,  several  important  facta  must  here  be  broa|^l 
more  distinctly  forward.  Experience  shows  that  angiomata  arise  by  a  duuge 
in  some  areas  of  the  va^scular  system.  They  may  therefore  be  injected  froni 
the  heart  (R.  Virchow).  The  processes  of  transformation,  however,  show" 
certain  distinctions  in  different  cases.  In  the  development  of  teleangiectMit 
(Fig.  381),  tiot  only  are  pre-existing  capillaries  dilated,  but  new  capillaries  are 
formed  (Weil).  In  the  case  of  cavernous  and  arterial  vascular  tumoun, 
on  the  other  hand,  there  can  be  no  great  new  formation  of  capillaries.  Of 
course,  the  constituents  of  the  wall  of  the  vascular  channel  are  increased,  since 
the  vascular  spaces  are  dilated  and  the  vessel  wall  increases  in  thickness ;  but 
there  is  no  increase  in  the  number  of  vascular  channels.     In  the  formataoo  of 
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of  capillaries.  Therefore,  angiomata  miglit  be  expected  to  be  formed,  either 
when  the  bloo<i-pres8ure  in  a  capillary  area  rises  for  any  reason,  or  when  the 
above-mentioned  maximum  limit  of  the  blood-pressure  is  lowered. 

If  we  now  consider  the  peculiar  position  which  the   capillary    network 
occupies  at  tho  border  of  an  orifice  or  fissure  which  is  in  process  of  formatioiifl 
or  closure,  it  will  be  comprehensible  that  disturbances  in  the  relations  of  theV 
circulation  easily  occur  which  lead  to  the  new  formation  of  capillaries.     The 
pressure  on  the  external  surface  of  the  capillaries  is  higher  in  the  interior  of 
the  body  than  on  its  surface,  in  consequence  of  the  tension  of  the  skin  and 
layers  of  muscle.     There  must  he  some  arrangemeut  of  the  capillary  walls  or 
of  the  structure  of  their  surroundings  which  compensates  for  this  inequality. 
The  nature  of  this  arrangement  must  be  left  undetermined.     In  any  case,  it 
appears  that  it  may  bo  very  readily  disturbed   when    deeply -situated    pa; 
approach  the  surface  diu-ing  the  formation  of  an  orifice,  or  when  superficially 

situated  parts  pass  into  the  deeper  tissaes  by 
tho  closing  of  a  fissure. 

In  the  same  way  it  may  be  assumed  that 
vaso- motor  disturbances  which  dilate  the 
arteries  of  a  vascular  area  may,  if  they  are 
long  continued,  give  rise  to  new  formarion  of 
capillaries  and  to  the  occurrence  of  neuro- 
[>athic  teleangiectases.  In  any  case,  the  blood- 
pressure  in  the  capillaries  is  increased  by  the 
dilatation  of  the  arteries  leading  to  them. 

Further,  the  growth  of  surface  of  the 
vessel  wall,  or  what  is  the  same  things  tbfi 
growth  of  the  section  of  the  vessel  in  length 
and  breadth,  must  be  considered.  Accoirding 
tu  the  iirst  histo-mechanical  principle,  this  15 
dependent  upon  the  rate  of  How  of  the  bloo*l- 
stream,  Ifc  must  be  asstimed  that  the  tissues 
surrounding  the  blood -stream  determine  1 
limit  for  it^  rate  of  flow,  and  that,  when  this 
limit  is  exceeded,  the  section  of  the  lumen 
of  the  vessel  becomes  larger  by  increase  of 
the  superficial  growth  of  the  wall,  while  the  lumen  becomes  smaller  when  the 
rate  of  flow  is  below  the  limit. 

In  this  way  two  limits  require  to  be  considered — the  limit  for  the  pressure 
the  capillary  blood,  which  may  be  briefly  termed  norrnnl  pres^re^  and  tho  limit  for' 
the  rate  of  the  capillary  stream,  which  may  be  termed  the  normal  rnif.  Both 
limits,  normal  pressure  and  noi*mal  rate,  may  have  a  different  value  in  differetit 
organs,  but  under  physiological  conditions  are  constant  for  each  organ,  as  hs* 
already  been  shown. 

It  is  conceivable  that,  under  pathological  conditions,  the  hlood-pressurg  tn  ^ 
mpillarks  ejeeeeds  the  n&rmal^  either  because  the  limit  of  normal    pressure 
lowered  or  because  the  pressure  within  the  capillaries  is  raised.     In  these 
a  new  formation  of  capillaries  occurs,  as  was  mentioned  above,  which  coDtiini»J 
until  the  actual  blood-pressure  in  the  capillary  area  is  brought  to  the  same  levd 
as  the  normal  pressure,  by  the  multiplication  of  the  capillary  piBsages  betWMB 
arteries  and  veins.     The  further  fate  of  the  newly-forraed  capillaries  ia  afUr 
wards,  however,  dependent  upon  the  rate  of  flow.     This  may  become  gresltf 
or  less  than  the  normal  rate,  and  it  is  conceivable,  aLso^  that  the  limit  of  tbt 
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normal  rate  may  be  raised  or  lowered  by  pathological  conditions.  These 
possibilities  may  be  stated  in  two  cases.  After  new  capillaries  have  been 
formed,  the  actual  rate  of  the  capillary  stream  is  either  greater  or  less  than  the 
rate  which  would  be  normal  in  the  diseased  vascular  area.  If  the  actual  rate 
of  flow  be  less  than  the  normal,  then  the  new  capillaries  must  slightly  narrow, 
until  the  normal  rate  is  reached.  A  teleangiectasis  with  narrow  capillaries  is 
formed.  If,  on  the  other  hand,  the  actual  rate  of  flow  be  greater  than  normal, 
the  newly-formed  capillaries  increase  in  size,  they  become  more  or  less  dilated, 
and  a  teleangiectasis  with  wide  capillaries  is  formed. 

No  new  formation  of  capillaries  takes  place,  however,  when,  under  patho- 
logical conditions,  the  relations  established  are  such  that  the  blood -pressure 
in  the  capillaries  does  iwt  exceed  the  normal.  It  may  happen,  however,  in  these 
cases,  that  the  actual  rate  of  flow  exceeds  the  normal,  if  the  limit  of  the  latter 
be  lowered.  The  pre-existing  capillaries  must  then  dilate,  and  this  dilatation, 
when  the  normal  rate  is  suflBciently  lowered,  may  become  so  considerable  that 
the  capillaries  are  changed  into  wide  vascular  spaces  interposed  between  the 
arteries  and  the  veins.  In  this  manner  a  cavernous  tumour  is  formed. 
Finally,  the  case  comes  to  be  considered  when,  as  before,  the  blood-pressure  in 
the  capillaries  does  not  exceed  the  normal ;  while,  at  the  same  time,  the  actual 
rate  of  flow  also  remains  below  the  normal  limit  This,  for  instance,  might  be 
assumed  should  the  limit  of  the  normal  rate  of  flow  be  raised.  The  capillaries 
will  then  slightly  narrow  until  the  level  of  the  normal  rate  is  reached. 

The  pressure  in  such  a  vascular  area  must  rise,  at  the  same  time,  even 
although  it  perhaps  does  not  attain  that  of  the  heightened  normal  pressure. 
The  rise  of  pressure  in  the  capillaries  leads,  however,  after  these  preliminary 
occurrences,  to  marked  tension  of  the  capillary  walls,  made  manifest  to  the 
pathologist,  in  accordance  with  the  second  histo-mechanical  principle,  by  a  great 
increase  of  the  thickness  of  the  capillary  wall,  and  by  the  thickening  of  the 
muscular  coat  of  the  smallest  arterial  branches.  In  this  way  the  tumor 
vaseulosus  arterialii  is  formed. 

In  this  account  I  have  endeavoured  to  show  that  the  origin  and  growth  of 
angiomata  may  be  simply  explained  by  histo-mechanical  causes.  In  doing  so, 
it  appeared  that  by  four  variations  of  the  histo-mechanical  conditions  all 
possible  variations  might  be  exhausted.  Only  the  three  chief  forms  of  angiomata 
are  found  to  occur,  however,  which  have  been  brought  forward  by  observer 
tion.  The  gradual  transitions  between  these  variations  of  the  histo-mechanical 
conditions  are  thus  the  cause  of  the  great  complexity  of  individual  pathological 
cases,  the  number  of  capillaries  formed,  and  the  amount  of  their  dilatation. 


lormphaagioma 


Lymphangioma  or  angioma  Ijnnphaticum  is  an  irregular  mass  of  newly- 
formed  dilated  lymph -vessels.  Such  a  tumour  may,  on  section,  closely  re- 
semble the  cavernous  haemangioma,  in  so  far  as  it  consists  of  wide  spaces 
lined  with  epithelium,  between  which  connective,  fatty,  or  myxomatous  tissue 
is  found  in  varying  quantity  (Fig.  385).  The  only  essential  diflerence  is  that 
the  spaces  of  the  tumour  are  filled,  not  with  blood,  but  with  lymph,  and  are  in 
connedaon  with  the  normal  lymphatic  vessels.  In  addition,  the  walls  of  these 
cavernous  Ijrmphangiomata  are  often  more  delicate,  more  easily  torn,  and  more 
transparent  than  the  walls  of  haemangioma  cavemosum.  Lymphangioma  may 
therefore  xppear  as  a  closely  aggregated  cluster  of  transparent  vesicles.     In 


other  cases,  the  lymphangioma  ia  embedded  in  firm  tissues,  the  corium,  fo 
instance,  and  forms  spaces  in  these  tissues,  filled  with  a  clear  duid  and  lined 
with  endothelium.  If  new  formation  of  lymphatic  vessels  predominates,  and 
the  newly-formed  lymphatic  vessels  remain  narrow,  the  t«rm  lymphaDgioms 
teleaugiectaticum  may  he  used  to  express  the  condition. 

Many  lyniphangiomata  arise  from  rt/ntfaiitnl  di<iurlMi7u:£s.  To  this  gronp 
belong  especially  those  lyraphangiomata  which  give  rise  to  elephantiasis-like  en- 
largement of  various  parts  of  the  body,  macrogkisfiia  lyinphangiedatiojL,  overgrowth 
of  the  lips  or  macroclitilia  lympfiangiedaHca,  ckpluiniiasis  lymphangitdatica  of  the 
extremities.  Other  congenital  lymphangtomata  ai'e  more  limited  in  extent, 
mevxi^  lymp}uUic\L%  hygnnmi  colli  congmitnuu  In  those  cases,  as  in  ha^mangioma^  a 
preference  for  those  regions  of  the  body  which  show  clefts  in  the  emhrjri^H 
may  be  observed.  ^^ 

Other  lymphanglomata  only  appear  late  in  life.     To  this  class  belong  many 


ViOk  88A. — Lymiduiugiotiu  of  the  jMriton«ntii.    o,  Bniuch  c>f  ui  juiery ;  r,  k  vein  ;(,!,!,  t,  Ijrwi^hrtk 

ve)Uiel«.     kT7. 

lyraphangiomata  of  the  skin,  and  amongst  these  the  lyinphangiomata 
inguinal  region   may   be  specially   mentioned.     They   extend    into    ♦^" 
superficial  layers  of  the  cutis,   and  may  rupture  externally,  fonaiii- 
fistula  anil  causing  lymph orrhce<i,      Lym]>hangiomata  may   also    ot. 
mesentery   and    other   parts    of   the   peritoneum.     Thoso    in    the 
occasionally  contain  chyle,  cJii/langitmuj. 
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8.  Myoma 

Myoma  or  muscular  tumour  contains  muscle  fibres  as  its  chief  structural 
element  In  many  cases  tkese  show  transverse  striution,  myoma  striocellulare 
or  rhabdomyoma.  In  other  cases  they  have  the  character  of  uon-striated  muscle 
fibres;,  myoma  tevicellukre  or  leiomyoma. 

Bhabdamt^ama  (F.  A.  v.  Zenker)  is,  on  the  whole,  a  form  of  tuuiour  whtcb  is 
rarely  found.  It  contains  slender  muscle  fibres  with  longitudinal  and  transverse 
striation,  or  spindle-formed,  club-shaped,  or  rounded  cells  whoso  protoplasm 
ahowa  tranAverse  atriation  to  a  greater  or  less  extent  (Fig.  386).  Those 
muscular  elements  either  lie  in  a  connective  tissue  stroma,  pure  rhabdomyoma,  or 
they  are  interspersed  in  a  cellular,  sarcomatous  structure,  rhahdomyomrcoma. 
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Pio.  384.— HluibdoinyuinA  of  Ui«  testicle,  u,  Nuuleiu  of  a  ooiuwctlve  tiMue  oeU  ;  h,  tranHverae  section  of  » 
stiiped  miucle  fibre ;  c,  lougitudia*!  section  of  muacle  flbra ;  d,  krge  ceU«,  atypical  moitcle  cells  ;  r,  traua- 
verae  section  tlirough  •  non-audeated  part  of  one  of  those  celk  (after  a  prepantion  tiuule  by  Babes  in 
Booharestji    x  &25, 


Khabdomyomata  form  nodes,  more  or  less  sharply  circumscribed,  in  the 
testicle  (Rokitansky,  Babes,  Neumann,  J.  Arnold),  in  the  heart -muscle  (R. 
Virchow),  in  the  parotid  (Pruddeu),  and  in  the  wall  of  the  bladder  {Cattani, 
Vincenzi),  and  develop  so  early  in  life  that  they  may  all  be  attributed  to  a  dis- 
turbance of  development.  The  same  applies  to  the  rhabdomyomata  which 
come  under  observation  more  especially  in  the  kidney  (Ebcrth,  Cohnheim, 
Huber  and  Bostrom,  Marchand),  in  the  pelvis  of  the  kidney  (Ribbert),  in  the 
wall  of  the  stomach  (Brodowaki),  in  the  uterus  (Pernice),  in  the  orbit  (K. 
Zenker),  and  in  the  sacrum  (Marchand).  Besides  these,  a  considerable  mass 
of  newly-formed  striated  muscle  fibres  may  occur  as  a  congenital  tumour  in  the 
form  of  macroglossia. 

Leumiyomu  or  myoma  lasvicellulare  is  a  variety  of  tumour  which  occurs 
much  more  frequently.     It  consists  of  non-atriated  muscle  fibres,  connective 
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tissue,  and  blood-vesseis,  and,  according  to  the  predominance  of  one  or  other  of 
these  elements,  may  be  distingiiished  as  a  leiomyoma  molle,  tibrosum,  teleangi- 
ectaticum,  or  cavernosum.  Most  frequently  it  is  a  nodular  tumour  with  marked 
fascicular  structure.  The  muscle  cells,  distinguished  by  their  long,  rod-shaped 
nuclei  (Fig.  387),  are  arranged  in  bundles,  which  intersect  one  another  in  m&ny 
directions  and  appear  to  be  embedded  in  a  v^cular  connective  tissue.  The 
leiomyomata  sometimes  undergo  retrogressive  tissue  changes,  such  as  petrification, 
myxomatous  softening,  and  fatty  degeneration. 

Tlie  Iriompnuita  of  the  uirnts  are  the  most  important  practically.  These 
occur  as  nodular  masses  which  are  frequently  multiple  from  the  first  and  may 
reach  a  considerable  size.  They  arise  within  the  muscular  substance  of  the 
uterine  wall,  and,  at  an  early  stage,  are  shar]>ly  separated  from  the  surrounding 
parts  by*a  narrow  zone  of  loose  connective  tissue,  containing  the  arteries  and 
veins  passing  to  the  tumour.  The  veins  sometimes  form  a  close  plexus  round 
about  the  tumour.     The  sharp  circumscription  and  loose  attachment  of  the 


Fio.  SS7,— Lelomyonia  uteri.    Bandies  of  uon-«trl&t«d  muscle  nbres  cat  Uurongta  In  v»rfoas  directloti*  %dA  a 
lmrg«  aiuouut  of  Interoellulor  hyaline  sutatoace.     x  01&. 

tumours  explain  how  they  may  be  displaced  by  the  pressure  of  the  surrounding 
contractile  tissues,  and  appear,  after  a  time,  under  the  peritoneal  investment  or 
under  the  mucous  membrane  of  the  uterus  as  subserous  and  submucous 
myomata  (Fig.  388).  Finally,  thej'  may  even  be  pushed  quite  beyond  the 
uterine  muscle,  so  that  they  appear  as  pedunculated  tumours,  covered  by  seroua 
or  mucous  membrane.  The  former  are  attached  to  the  external  surface  of  the 
uterus.  The  latter  are  found  as  pedunculated  polypoid  tumours  in  the  carity 
of  the  uterus,  or  when  further  expelled  by  uterine  contraction,  in  the  vagina. 
If  the  pedicle  which  attaches  the  tumour  to  the  inner  surface  of  the  uterus  is 
ruf»tured,  the  tumour  may  be  spontaneously  expelled  from  uterus  and  vagina. 

As  a  rule,  other  disturbances  occur  at  the  same  time.  These  are  most  often 
manifested  clinically  by  profuse  menstrual  htemorrhages  (menorrhagia),  which 
greatly  weaken  the  patient.  Coincident  with  this,  the  muscular  wall  of  the 
utenis  undergoes  hyperplasia.  The  uterus  is  enlarged,  its  mucous  memlmais 
shows  chronic  caUirrhal  changes  and  is  much  thickened  and  proliferated.  These 
disturbances  disappear,  as  a  rule,  wholly  or  fmrtly,  after  removal  of  the  tumour 
by  operation,  and  are  therefore  to  be  regarded  as  consequences  of  the  growth 
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of  the  tumour.  Vircliow  has  already  pointed  outj  however,  that  uterine  catarrh 
favours  the  occurrence  of  ieiomyomata.  This  view  appears  to  me  to  be 
confinned  by  the  fact  that,  in  such  cases,  multiple  primary  myxomata 
very  frequently  occur,  and  also  occasionally  multiple  primary  papiilomata  of  the 
uterine  mucous  menabnine.  These  are  fomis  of  tumour  which,  in  other  places 
also,  occur  very  frequently  as  the  result  of  chronic  catarrh. 

Leiorayomata  may  be  formed  in  all  parts  of  the  niuscukr  wall  of  the  uterus, 
and  also  on  the  lips  of  the  os  uteri,  \VTien  they  extend  into  the  ligaments  of 
the  uterus  they  cause  specially  severe  disturbances,  and  by  their  further  growth 
cause  presmire  on  the  pelvic  organs,  the  vessels,  nerves,  iirethi-a,  and  rectum. 
Larger  myomata  which  grow  in  the  fundus  uteri  project,  as  a  rule,  upwards  into 
the  abdomen,  in  which  case  tlie  tttenis  and  vti^iua  are  pulled  upwards,  and, 
under  certain  circumstances,  may  be  greatly  increased  in  length.  The  ab- 
dominal cavity  becomes  encroached  upon,  its  walla  distended,  and  great  dis- 
comfort may  be  caused  to  the  patient. 

In  a  few  rare  cases  Ieiomyomata  of  the  uterus  pass  into  spindle -celled 
sarcomata  which  give  rise  to  metastases. 
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Flo.  888.— Nodul&r  aulsierotu  leiomyoma  of  the  utenis.    Pedunculated  pApdloma  at  the  exteniiU  us  atari. 
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Next  to  the  uterus  the  prostate  is  the  most  frequent  site  for  Ieiomyomata. 
These  grow  from  the  region  of  the  neck  of  the  bladder  into  its  cavity,  and  cause 
considerable  difficulty  in  micturition,  with  all  its  consequencc^a.  In  addition, 
Ieiomyomata  are  not  infrequently  formed  in  the  nrjuscular  wall  of  the  stomach 
and  intestinal  canal.  By  the  contractions  of  the  intestinal  tube  they  are 
forced  under  either  the  serous  or  the  mucous  coats.  In  the  latter  case  they 
occasionally  give  rise  to  intussusceptions  in  the  intestine,  since  peristaltic 
action  may  force  forward  the  tumour,  which  projects  into  the  lumen  of  the  intes- 
tinal canaJ,  and  so  invagiiiate  one  piece  of  the  intestine  within  the  other. 

A  few  Ieiomyomata  have  been  observed  in  the  walls  of  blood-vessels,  especi- 
ally veins  (A.  Bofctcher),  and  lastly,  some  have  been  found  in  the  skin  and  sub- 
cutaneous tissue. .  These  also  rise  partly  from  the  muscular  coat  of  small 
vessels  (Babes,  Hess,  Hardaway).  Others  rise  from  the  musculi  arrectores 
pilorum.  JIany  of  these,  especially  those  that  are  primarily  multiple  in  their 
origin,  are  exceedingly  painful  and  are  included  in  the  group  of  iubert^ula 
dolorosa,  which  will  be  again  mentioned  in  the  description  of  neuromata. 

While,  however,  Ieiomyomata  generally  first  appear  in  adult  and  in  advanced 
age,  two  cases,  at  least,  of  myoma  of  the  skin  have  occurred  in  early  life.     The 
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leiomyoma  of  the  ala?  nasi  and  the  point  of  the  nose,  described  by  Hess,  were 
first  observed  in  the  third  or  fourth  year  of  the  patient's  life.  The  leiomyoma 
of  the  skin  of  the  posterior  part  of  the  head,  observed  by  Marc,  was  at  birth  the 
size  of  a  mandarin  orange. 
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9.  Neuroma 

Neuromata  are  tumours  consisting  of  newly-formed  nervous  elements,  wit 
interstitial  tissue  and  blood-vessels.     According  to  the  characters  of  the  nerve 
elements,    there   may    be   distinguished :    jtearoma    fiangliocellulare^    containing 
ganglion    cells^   neuroma   vujdxnicmu^  containing   modullated    nerv^e  fibres,  as 
neuroma  amyelinkum,  containing  non-mcdullated  nerve  fibres. 

Neuromata  of  Ih^  central  nereous  Sf/4em  have  already  been  described,  bat 
require  further  examination.  In  many  cases  of  so-c;illed  neuromata  it  is  merely 
atat^id  tbtt  tumour-shaped  masses  of  gray  brain  substtmce  have  been  found,  btit 
no  proof  is  given  ihiifc  there  are  any  nervous  elements  in  the  tumour.  Li  other 
cases  there  may  be  an  abnormal  grouping  or  a  misplacement  of  the  normal 
elements  of  the  central  nervous  system,  due  to  some  malformation,  but  showing 
none  of  the  characteristics  of  a  tumour.  In  other  crises,  again,  as  has  alnsady 
been  mentioned  under  Cilioma,  nervous  elements,  such  as  ganglion  cells  and 
nerve  fibres,  which  .ire  normally  present  in  gliomatA  are  regarded  as  newly - 
foiined  and  as  justifying  the  diagnosis  of  neuroma.  Klob,  E.  Wagner^  and  R 
Virchow,  however,  have  described  a  few  tumoiu*8  of  the  ependyma  of  the 
cerebral  ventricles  which  contained  nen^ea  and  ganglion  cells,  and  whicb  nw 
unquestionably  neiu-omata. 

Recent  researches  have  also  shown  that  many  tumours  of  the  prripkgnl 
Tietrovs  si/stem  are  not  neuromata.  The  plexiform  neuromata  of  the  periphenl 
nerves  have  been  placed  with  the  fibromata,  since  many  observers  have 
been  able  to  discover  only   newly-formed  connective  tissue,  but  no   newly- 
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formed  nerves.  Klebs,  however,  firmly  maintains  the  neuromatous  nature  of 
this  tumour,  and  describes  it  as  containing  numerous  non-medullated  nerve 
fibres. 

A  simikr  fate  seems  to  he  in  store  for  the  tubercvki  dnhrosa.  These  are 
small  tumours  of  the  akin,  the  size  of  peas  or  beans,  which  occur  spontane- 
ously, or  as  the  result  of  some  external  mechanical  irritation,  and  are  extremely 
painful  to  pressure.  It  did  not  escape  the  earlier  observers  that  many  of  these 
were  leiomyomatJi  containing  nerves,  as  has  been  already  mentioned.  Others 
occur  as  fibromata,  of  the  nerves.  We  are  not,  however,  justified  at  present  in 
absolutely  excluding  tu>jercu!a  dolorosa  from  the  neuromata,  since,  in  many  of 
them,  many  apparently  newly-formed  nerves  have  been  demonstrated.  Among 
those  the  so-called  nmrotna  of  tJw  Pacinian  cm'pusdes  deserves  special  description. 
A  small  tumour  from  the  subcutaneous  tissue  of  the  hand,  apparently  belonging 
to  this  group,  which  I  had  the  opportunity  of  examining,  showed  numerous  blood- 
vessels and  a  few  nerves  surroimded  by  numerous  concentric  laraeHa3  of  connec- 
tive tissue,  composed  of  flat  connective  tissue  cells.  As  Virchow  has  shown,  we 
cannot  conclude  from  this  that  there  is  a  hyperplastic  development  of  Pacinian 
corpuscles.  Although  there  is  similarity  of  structure  in  this  respect,  that,  in  the 
Pacinian  corpuscles  also,  the  nerve-sheaths  are  arranged  as  concentric  lamina' 
of  connective  tissue,  it  may  be  doubted  whether  this  so-called  neuroma  of  the 
Pacinian  corpuscles  should  not  be  properly  classed  with  the  fibromata. 

The  traumidie  mnrmuiia  are  the  last  important  group.  In  stumps,  after 
amputation,  the  ends  of  the  nerves  are  generally  found  swollen  like  clu>>s  and 
firmly  adherent  to  the  scjir  of  the  operation  wound.  Microscopic  examination 
allows  bundles  of  medullated  and  non-medullated  nerve  fibres,  irregularly  inter- 
woven and  embedded  in  the  firm  cicatricial  tissue  of  the  thickened  ends  of  the 
nerves.  It  may  be  doubted,  however,  whether  these  formations  are  properly 
to  be  classed  with  the  tumours  as  defineil  above.  In  any  case,  they  are  the 
residt  of  a  disturbance  of  the  norma!  process  of  regeneration  which  takes  place 
in  all  di\ided  nerves.  The  dense  scar  prevents  the  axis  cylinders  from  growing 
out  in  a  straight  direction  from  the  central  ends  of  the  nerves,  and  causes  them 
to  bend  irregidarly  in  various  directions,  and  to  interlace  closely  within  the  scar. 
The  growth  of  the  a.xis  cylinder  is  a  perfectly  normal  process  which  is  only 
disturbed  by  the  presence  of  the  scar.  The  development  of  the  nerve  fibres  in 
the  amputation  stump  is  thus  in  nowise  autonomous,  or  independent  of  the 
laws  which  govern  their  growth  ;  but,  on  the  contrary,  is  a  direct  outcome  of 
the  laws  and  conditions  which  determine  the  physiological  new  fonnation  of 
nerves. 

CJonnectivo  tissue  tumours  containing  nerves  are,  however,  formed  iti  many 
injuries  to  nerves,  which  are  not  coimected  with  a  loss  of  a  part  of  the  body. 
Divided  or  compressed  nerves  sometimes  heal  with  the  formation  of  a  tumour 
at  the  site  of  injury,  and  such  tumours  consist  of  cotmective  tissue  and  newly- 
formed  nerve  fibres.  They  are  called  traumatic  neuromata.  It  wouUl  be  well 
worth  while  to  investigate  more  fully  their  relation  to  amputation  neuromata 
and  to  disturbances  of  nerve  regeneration. 
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10.  P&pilloma 

Papilloraata  and  the  next  two  forms  of  tumour,  adenomata  and  cystomata^ 
show  much  more  distinctly  than  the  tumours  already  desmhed  the  organoid  or 
organ-like  character  generally  found  in  benign  turaouis.  Papillomata  consist 
of  vascular,  connective,  or  mucoid  tissue,  and  project  from  the  surface  of  skin 
or  raucous  membrane  as  rounded,  cylindrical,  or  branching  growths  covered 
with  epiiheliiun. 

Many  warts  on  the  akin  are  papillomala.  They  arise  in  part  independently 
of  external  irritation  and  are  sometimes  observed  even  at  Itirth.  In  the  latter 
case  they  may  be  classed  with  the  mevi,  pajnllary  imvi.     Other  papillomata 
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Flo,  8«0.— liongltmtlin*!  section  throngh  th«  axli  of  a  warty  pipUlonui  on  Uie  pr«pace.  The  branching  ooq- 
TiL'ctivn  tisane  stcim  cobUlnn  croSB-iMiictfuna  of  many  vcm«U.  'FTm  ret«  Ualpighl  and  Ute  epld«nnia  «3« 
•lark.    The  latter  is  only  a  narrow  bonier  oii  U»e  stir&ce  of  the  tumour.    x9. 


obviously  arise  in  consequence  of  external  irriUition^  as,  for  instance,  the 
warty  pipilloraa  (cmuiifhmui  acumijuitum)  which  develops  in  the  neighbour- 
ho<:Ml  of  the  genital  orifices  in  chronic  catarrhs  of  the  genito-urinary  system,  as  a 
nmltiple  primary  tumour,  and  which  maj'  attain  a  confiiderable  size  (Fig.  389). 
This  consists  of  a  branching,  vascular,  connective  tissue  axis  covered  by 
stratified  squamo\i9  epithelium,  a  thick  stratum  Atalpighi  and  a  thin  superficial 
layer. 

Among  the  mucous  membranes  on  which  papillomata  frequently  occur,  the 
bladder  is  the  most  important  Papilloma  of  the  hlmldtr  (Fig.  390)  appears  aa  a 
cauliflower-shaped  tumour,  consisting  of  delicate  branching  papilla.  In  tbe«e 
l)apilhe  there   rnay  be   recognised  a    thin  vascidar  stem   of  connective  tissue. 
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to  micturition,  with  all  its  consequences,  as  tufts  of  the  tumour  become  driven 
into  the  neck  of  the  bladder  by  the  urine  as  it  escapes.  It  also  leads  to 
haemorrhages,  small  tufts  imprisoned  by  the  urethi-a  being  torn  off  as  the  bladder 
distends,  since  the  distance  between  the  site  of  the  tufts  and  the  neck  of  the 
blatldor  must  be  increased  as  the  urine  accumulates  and  separates  the  walls 
of  the  bladder.  Jjastly,  papilloma  of  the  bladder  sometimes  passes  into 
pipillary  carcinoma. 

Chronic  laryngeal  catarrhs,  which  frequently  occur  among  singers,  officers 
and  others  who  have  halntually  to  strain  their  voices,  occasionally  give  rise 
to  solitary  and  to  primarily  multiple  papillomata  of  the  laryngeal  mucous 
membrane.  In  the  mucous  membrane  of  the  stomach  and  intestine,  papillo- 
mata of  various  sizes  are  occ4isionally  oliserved.  They  are  also  found  in  the 
portio  vaginalis  and  in  the  cervical  canal  of  the  uterus,  in  the  tubes  (Fig.  391), 
and  other  places. 

PapiUomata  may  also  develop  in  portions  of  the  ducts  of  glands  which  show 
cystic  dilatation  and  in  cystic  tumours.  They  will  therefore  be  considered  under 
the  description  of  cystoma, 

11,  Adenoma 

Adenoma  is  a  tumour  consisting  of  gland  tissue.  This^  however,  inclsdtf 
only  the  epitheh'al  glands,  since  the  lymph-adenomata  which  consist  of  lymphatic 
tissue  are  to  be  regaixied  as  hyperplasia'  of  the  lymph -glands  and  not  a« 
tumour  growths. 

Many  adenomata  almost  exactly  repeat  the  structure  of  the  gland  in  wbichd 
they   are  formed.     Adenoma   of  the   liver  consists  of  hepatic   tissue   which,, 
under  certain  circumstiinces,  differs  only  slightly  from  normal  liver  tissue.      It« 
cells  are  perhaps  somewhat  larger  than  normal  liver  cells,  and   the  regubirly 
radiating  arrangement  of  the  liver  lobules  can  hardly  ever  lie  made  out.      Bile 
ducts,  however,  lined  with  epithelium,  are  found  between  the  cells  in  adenomata 
of  the  liver,  and  sometimes  may  even  be  shown  to  contain  bile  (Fig.  287,  p.  432).' 
These  adenomatii  of  the  liver  sometimes  originate  in  small  multiple  foci  of 
regenerating  liver  tissue,  which  appear  after  any  considerable  destruction  of  the 
liver  cells,  as,  for  instance,  in  cirrhosis.     An  adenoma,  however,  is  distinguished 
from  a  simple  regenerative  growth  %  its  great  e.xtent,  and  by  many  peculiaritie 
which  i>oint  to  its  autonomous  character.     It  may  thus  happen  that  adenos 
of  the  liver,  which  are,  as  a  rule,  multiple  from  the  firsts  may  show  extensive 
fatty  infiltration,  while  the  remainder  of  the  liver  cont^iins  no  free  fat  in   the 
form  of  droplets.     It  also  sometimes  happens  that  the  cells  of  the  adenon 
of  the  liver  p;iss  by  metastasis  into  the  spleen  and  other  distant  organs,      [Thel 
frequency  of  the  metastasis  into  the  spleen,  which  was,  I  believe,  first  descril: 
by  Friedreich,   is  perhaps  explained  when  the  great  similarity  in   sti-uctore ' 
of  the  connective  tissue  of  the  blood-vessels  in  the  liver  and  s|>leen  is  taken 
into  consideration  (Thoma).     It  is  probable  that  the  cells  which  [>ass  from  the 
adenoma   into   the   blood -stream   find,   in    consequence  of   this  similarity   of 
stnicture,  conditions  favounible  to  their  further  development.]     Adenomata  of 
the  liver  may  undergo  metaplastic  changes.      If  the  epithelial  cells   of   the 
tumour  lose  the  characteristics  of  liver  cells  and  proliferate  rapid  13%  one  form 
of  primary  hepatic  carcinoma  is  formed  from  the  adenoma.     The  second  variety 
originates  in  adenomatous  proliferation  of  the  cylindrical  cells  of  the  bile  ducts. 

Adenomata  of  the  mucous  membrane  of  the  rectum  also  closely  resemble  the 
norma]  mucous  membrane.  These  are,  as  a  rule,  primarily  multiple  tumoars 
shaped   like   raspberries,   consisting   of   large,  sometimes  branching,    tubular 
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glanids.  These  latter  correspond,  in  stnictui'e,  to  greatly  enlarged  Lieberkiihn's 
glands  (Fig.  392).  The  cylindrical  tulws  of  the  glands  are  lined  by  coluniiiar 
cells  which  are  mostly  goblet  cells,  like  the  epithelial  lining  of  Lieberkiihn's 
glands  (Fig.  255,  p.  391 ).  The  proliferated  glands,  however, do  not  extend  beyond 
the  greatly  thickened  hyperplastic  mucosa,  so  that  the  adenoma  is  bounded  by 
the  muacularis  mucosa;.  If  this  boundary  line  be  passed,  the  epithelial  growth 
appears  in  the  submucosa.  This  event  indicates  an  important  change  in  the 
character  of  the  tumour,  showing  that  it  has  become  a  malignant  tumour 
which  will  groAv  rapidly  in  all  directions  and  give  rise  to  metastases-     It  no 
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Pro.  892.— PddanculJited  adenoma  of  the  mucous  motnbrane  of  the  rfctum.    n^  a,  Mncoea ;  b,  b,  miucalAris 
niucosjp.    Rome  of  the  gliinds  shpw  cyBtic  dilatntloii.     J<  3. 


longer  maintains  the  typical  structure  of  the  gland -tubes,  but  appears  as  a 
cylindrical'Celled  carcinoma. 

In  other  glands  also,  and  in  membranes  containing  glands,  adenomata 
which  closely  resemble  the  part  from  which  they  arise,  are  not  rare.  Among 
these  the  following  will  merely  be  mentioned  here,  viz.  the  adenomata  of  the 
mucous  membrane  of  the  uterus,  stomach,  and  intestine,  the  thyroid  and  the 
suprarenal  capsules.  They  will  be  more  fully  described  in  the  special  pirt  of 
this  book.  The  adenomatfi  of  the  suprarenal  capsules  are  of  great  import^ince, 
since  they  may  originate  outside  the  capsules.  They  tend  to  arise  from 
portions  of  suprarenal  substance  which  are  sometimes  met  with  as  malforma- 
tions in  other  organs.  Thus,  suprarenal  adenomaL^  of  various  sizes  are  some- 
times found  in  the  kidney  (Grawitz).  According  to  Rokitansky,  scattered 
portions  of  suprarenal  substance  also  occur  in  the  solar  and  renal  plexuses, 
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and,  according  to  Marchand,  between  the.  folds  of  the  broad  ligament  and  in 
the  neighbourhood  of  the  ovary^  so  that  analogous  tumours  might  be  expected 
in  these  places. 

A  number  of  adenomata  have  still  to  b©  mentioned  which  show  a  more  or 
lesb  considerable  deviation  fi'om  the  structui'e  of  the  normal  glands  from  which 
they  arise. 

The  fibromata  of  the  mnmnvi  have  already  been  described  ag  regards  their 
fiBsential  characters.  In  nearly  all  cases  they  contain  more  or  less  abundant 
growths  of  glandular  elements  from  the  mamma?,  so  that  many  of  tJiese 
tumotu-s  might  be  described  as  adenomata  with  a  large  amount  of  connective 
tissue.  The  growth  of  the  glandular  tissue,  however,  leads?  in  some  of  the 
cases  to  the  formation  of  new  terminal  acini,  lined  with  cubical  epitheLiiun, 
which,  like  those  of  the  normal  functionally  active  gland,  are  united  to  form 
groups  of  larger  acini.  In  other  cases  the  growth  is  irregular,  forming  narrow 
branching  canals,  lined  with  cubical  and  cylindrical  epithelium,  but  which 
show  no  distinct  terminal  acini.  The  fact,  observed  by  Langhans,  that 
adenoma  of  the  mamma,  ver}"  frequently  at  least,  shows  a  distinct  membrana 
propria,  with  a  double  contour,  under  the  epithelium,  ia  of  great  importance 
for  differential  diagnosis.  In  difterentiatiog  adenoma  from  difterent  forms  of 
carcinoma,  I  have  been  able  to  conNince  myself  of  the  presence  of  this  membrane 
in  a  great  number  of  cases.  These  adenomatous  growths  in  mammary  fibromatA 
may,  however,  form  the  starting-point  for  carcinomatous  growths.  In  cicamining 
early  mammary  carcinomatfi,  one  can  often  convince  oneself  that  carcinomii  may 
occur  as  a  sharply  circumscribed  nodule  within  a  fibro-adenoma  of  the  mamnuu 
This  cannot  be  demonstrated  in  all  cases,  since  other  mammary  carcinomata 
evidently  originate  directly  by  proliferation  of  the  gland. 

The  kidncij  is  also  frequently  the  site  of  adenomata  which  may  become 
malignant.  Adenomata  of  the  kidney  consist  of  tubes  and  irregular  sjiacee 
lined  with  epithelium  (Fig.  393),  The  epithelium  is  formed  of  cubical  or 
cylindrical  cells  which  closely  resemble  those  lining  the  collecting  tubules. 

Although  all  observers  are  agreed  that  the  adenomata  of  the  kidney 
originate  as  a  proliferation  of  the  convoluted  tubules,  it  may  be  objected  thiit 
it  is  very  difficult  to  prove  this.  Many  adenomata  of  the  kidneys  are  sharply 
circumscribed  from  the  renal  substance.  In  other  cases  it  is  certainly  possible 
to  see  single  urinary  tubules  pass  into  the  tumour  from  the  surrounding  tissues. 
Sometimes  also  these  are  in  direct  connection  with  the  epithelial  cells  of  the 
adenoma.  There  is  always  a  distinct  difference,  however,  between  the 
epithelium  of  the  adenoma  and  that  of  the  urinary  tubules,  although  the 
latter  may  have  also  begun  to  proliferate.  The  microscopical  appearances  may 
easily  be  interpreted  in  another  way.  Every  pathologist  who  has  studied 
tumours  at  all  minutely^  knows  well  that  any  kind  of  epithelium  in  the 
neighbourhood  of  a  tumour  begins  to  proliferate,  and  that  the  cells  of  &n 
epithelial  tumour  may  finally  grow  in  between  the  proliferating  epithelium 
without  this  latter  taking  a  direct  share  in  the  formation  of  the  tumour.  There- 
fore, it  must  be  borne  in  mind  in  connection  with  adenomata  of  the  kidney  that 
they  may  possibly  originate  from  the  inclusion  of  aberrant  epithelial  elements 
from  the  neighbourhood,  or  in  surviving  portions  of  the  Wolftian  bodies  which 
normally  take  part  in  the  formation  of  the  kidney.  This  question  will  receive 
further  elucidation  later.  The  most  important  appearances  must  now  be  men- 
tioned. Tliese  show  that  papillary  gi'owths  very  frequently  occur  in  the  walk  of 
the  glandular  tubules  of  the  adenomata  of  the  kidney.  These  growths  project 
into  the  lumen  of  the  tubules,  and  are  covered  with  cylindrical  and  cubical 
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epithelium.  These  adenomata  may  also  pass  into  malignant  varieties  of  tumour, 
acleno-carciiioraata  (Ivlebs).  It  appears  that  this  transition  of  adenoma  into  a 
malignant  variety  of  tumour  is  the  more  frequent  in  proportion  to  the  degree 
in  which  the  structure  of  the  adenoma  differs  from  the  normal  tj^De. 

A  special  form  of  such  deviation  is  sometimes  found  in  the  adenomata 
of  the  lachrymal  and  salivary  glands.  These  adenomata  generally  reaemble 
the    normal   glands   in    structure.      They  are   only  clearly  differentiated   by 
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Flo.  886.— Adenoma  of  tho  kidnejr.    a.  o,  Transvorae  ««ction  of  blood-veueU ;  2i,  iabukr  gland ;  c,  tubular  gland 
■lightly  dilated,  containing  finely  granular  coagulated  albumen  and  red  and  wblta  corpiuelea.    x  207. 


their  sharp  definition  and  their  rapid  growtL  Hyaline,  transparent  spheres 
of  jelly-like  consistence  form  in  the  protoplasm  of  their  epithelium.  These 
separate  the  intact  epithehal  cells  from  each  other  and  fill  up  the  acini.  In 
some  parts  a  disappearance  of  the  epithelium  is  thereby  produced.  Similar 
hyaline  masses  are  fnrtlier  formed  in  the  adveutitia  of  the  small  blood-vessels 
of  the  adenoma,  so  that  the  adenoma  assumes  the  appearance  called  cylindTomn, 
to  which  wo  shall  frequently  refer  afterwards  (compare  the  divisions,  sarcoma 
and  carcinoma).     If  all  the  cylindromata  which  have  been  hitherto  described  be 
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analysed,  it  will  he  foimd  timt  this  name  merely  expresses  the  occurrence  of 
spherical  and  cylindrical  hyaline  masses  in  tiimoura  of  very  different  natures. 
The  adenomata  of  acinous  glands  which  undergo  hyaline  degeneration  very 
often  become  transformed  into  cellular  tumours,  sarcomatous  and  carcino- 
matous in  character,  as  has  been  already  mentioned,  and  these  tumours  become 
cylindromata  by  similar  hyaline  degeneration.  The  latter  often  appear  very 
malignant,  especially  by  local  recurrence  after  repeated  extirpation. 
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12.  Cyitoma 

Tumours  of  autonomous  formation  which  contain  cystic  cavities  are  termed 
cystomata.  According  to  the  number  of  cavities,  they  may  be  divided  mXo 
niouolocubir,  bilncular,  and  multilocular  cystomata. 

The   general  properties  of  ov=:tic    ca^'itics    have    been   already  described 
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Fni.  SM.— IntracanalkuUr  paptUoma  developed  wiUibi  a  mamnury  abroma.    The  tomoor  la  ctti»tc4 
in  the  fittty  tfaaae  belov  tli«  akin.    TwoUiirda  natural  aiie. 

(p.  515).  It  was  there  seen  that  the  essentially  important  characteristic  wa* 
that  the  inner  surface  of  the  cavity  should  be  lined  by  epithelium.  Tumofon 
which  contain  cysts,  therefore,  mostly  originate  in  organs  containing 
epithelium.  The  few  cystomata  which  occasionally  arise  in  organs  tfajit 
have  no  epithelium,  owe  their  origin  to  the  proliferation  of  aberrant  foci 
of  epithelium,  and  are  therefore  to  be  regarded  as  teratomata,  I'.f,  tumotirs 
which  are  due  to  malformations.  Many  cystic  teratomata  must  therefore 
be  regarded  as  rudimentary  parasitic  double  malformatione. 
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Apart  from  teratomata,  other  cysta  develop,    either  from  adenomata  or 
papillomata. 

Cysts  are  very  frequently  formed  in  the  adenomata  of  the  th}Toid.  Some 
lobules  of  this  gland  may  tike  on  active  growth  and  new  acini  form  within 
,  them,  the  contents  of  which  usually  consist  of  colloid  substance.  Since  the 
'  abnormal  secretion  continues  to  increase,  the  newly-formed  gland  acini  become 
dilated  and  a  cyst-adenoma  of  the  thyroid  will  be  developed  from  the  simple 
adenoma.  The  acini  of  the  gland  may  be  considerably  dilated  and  then  become 
confluent  by  absorption  of  their  septa ;  cysta  of  the  size  of  walnuts  or  apples, 
and  filled  with  colloid  or  hsemorrhagic  contents,  may  thus  arise. 

The  second   type  of  cystic   growth    ia   presented   by   the  intrmannlicular 
.papilloma  of  ihe  nKunma.     This  is  formed  from  the  fibroma  of  the  mamma  by 
the  development  of  papillomata  in  the  interior  of  the  cavities  which  are  con- 
stantly present  in  the  tumour  (Fig.  394).    These  papillomata  show  vascular  stems 
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formed  of  connective  or  mucoid  tissue»  and  covered  with  cubical  or  cylindrical 
epitheliam.  They  distend  the  ducts  of  the  fibroma,  which  are  lined  with 
similar  epithelium,  into  cysts  of  the  size  of  walnuts,  which,  on  microscopic 
examination,  at  least,  are  seen  to  be  very  clearly  defined.  Occasionally,  the 
papillomata  grow  through  the  ducts  of  the  nipple,  so  that  they  appear  on  its  free 
surface  (Fig.  395).  If  such  a  tumour  be  cut  at  right  angles  to  the  surface  of  the 
skin,  the  origin  of  the  papillomata  is  easily  seen  (Fig.  396).  They  arise  from 
a  fibro-adenoma  of  the  mamma  iu  which  the  papillomata  are  developed  within 
the  ducts  or  acini.  In  addition  to  these,  there  are  also  in  this  ease  proliferated 
and  cystic  ducts  which  contain  no  papillomata,  but  only  a  thin  fluid  secretion. 
Such  cysts  are  also  found  i.n  fibro-adenomat;i  of  the  mamma,  in  which  no 
papillomata  are  formed  at  all.  They  are  probably  due  to  an  accumulation  of 
secretion. 

In   adenomata   of    the    kidneys,  cysts    of   varying   size   very   frequently 
develop.     These  contain  either  a  clear  fluid  or  a  large  number  of  papillomata. 
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opalescent,  or  tiirbid  through  admixture  with  desquamated  epithelial  cells  and 
products  of  degenemtion,  which  may  separate  from  the  cyst  walls  as  granular 
or  globular  masses.  The  wall  of  the  cyst  is  formed  of  cylindrical  epitlielium 
which  is  often  ciliated,  and,  as  a  rule,  shows  gohlet  cells.  A  cellular  stroma 
» of  mucoid  tissue  is  found  under  the  cylindrical  epithelium. 

As  a  rule,  these  tumours  appear  as  multiple  cysts  {adeno-ajstt/ma  mnUilot-ularf), 
but  analogous  tumours  are  observed  which  cont4iin  only  a  few  or  even  one  single 
cyst,  visible  to  the  naked  eye.  The  furtlicr  examination  of  the  cyst  wall  allows 
us  to  differentiate  two  sub-varieties  of  adeno-cyatomata  which  may  be  termed 
glandular  proliferous  cystoma  and  papillavf/  prolife}oiu<i  ci/stoma. 

The  glamiuhr  proliferc/us  ci/si  skates,  in  addition  to  a  varying  number  of  cysts 
which  are  visible  to  the  naked  eye  and  lined  with  simple  or  ciliated  epithelium, 
a  great  amount  of  newly-fonned  tissue  resembling  a  gland.  Under  a  high 
power  the  wall  of  the  larger  cavities  presents  an  appearance  such  as  is  repre- 
sented in  Fig.  397.  Numerous  microscopically  small  acini,  lined  with 
cylindrical  epithelium  and  filled  with  a  fluid  or  gelatinous  substance,  lie  more 
or  less  closely  packed  together  in  the  mucoid  stroma  between  the  larger  cysts. 
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Via.  398.— Hultilocular,  proliferoun.  pupUlur  ovarian  cyst.  The  larse  cyst  hju  b««1i  OfWIMd  and  Is  coUapaed. 
A  nambcr  of  small  cysta  are  aeeo  Id  its  walla.  One  ot  tlieaa  cysta  liaa  been  openMl  Mid.  abows  the  cauli' 
flower-Uke  paplllonu  growing  wiUiia  It.    One'thlrd  natural  aize. 


T\iQ  pajnllarj/  proliferous  q/st  of  tht  ovarij  (Fig.  398),  on  the  other  hand,  is 
distinguiijhed  by  the  fact  that  the  cystic  spaces  of  the  tumour  contain  a  large 
number  of  cauliflower-like  papiliomata.  These  arise  from  the  inner  surface  of 
the  cyst  wall  and  consist  of  central  stems  which  branch  repeatedly^  are 
vascular,  fonned  of  mucoid  tissue,  and  cuvercd  with  cylindrical  epithelium, 
similar  to  that  which  covers  the  inner  surface  of  the  cyst  wall.  In  many 
casea  the  wall  of  these  papillary  cystomata  also  contains  a  large  number  of 
microscopically  small  cavities  filled  with  papillary  growths.  Sometimes  these 
papiliomata  break  through  the  walls  of  the  cysts,  so  that  a  part  of  the 
papillary  growth  appears  free  on  the  surface  of  the  ovary  and  may  easily  be 
mistaken  for  a  papilloma  of  the  surface  of  the  ovary,  which  is  exactly  similar 
in  its  microscopic  atnicture. 

In  some  cases  the  glandular  and  the  papillary  forms  of  the  multilocular, 
proliferatmg  ovarmn  cyst  are  combined  in  various  ways,  one  part  of  tho  cysts 
sho^ving  papiliomata,  while  other  cysts  in  the  same  tumour  have  smooth  walls. 
So,  also,  the  glandular  growth  is  only  found  in  some  parts  of  the  cyst  walls,  but 
not  in  others. 
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The  great  frequency  with  which  these  combined  forms  of  proliferous  ovari&n 
cysts  occur  showa  that  they  represent  a  siogle  vaiiety  of  tumour.  It  bas^ 
however,  been  very  difficult  to  dotemiine  their  mode  of  development  In  the 
first  place,  it  is  cle;ir  that  it  is  not  a  simple  diIat;ition  of  the  Graafian  follicle  of 
the  ovary,  associated,  somehow,  with  a  metaplasia  of  the  cubical  cells  of  the 
membrana  gramdosa  into  cylindrical  epithelium.  The  number  of  the  cystic 
cavities  and  of  the  acini  is  frequently  so  great  that  it  is  enormously  in  excess 
of  the  numbers  of  the  Graafian  follicles.  A  glandular  growth,  an  adenoma  of 
the  ovary,  must  necessjirily  be  regarded  as  the  starting-point  of  the  formation 
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Fio.  SM.— Multilocalar,  proUreroos,  pApiUonutouH  cyat  uf  the  ovary,  ahowiog  pfti>illomtU  in  the  cavity  of  as* 
Biiiali,  &Dt]  oae  sotnewliat  l&rger  cjrit,  x3-l. 

of  a  cystoma.  This  adonomatoua  growth  does  not  originate  in  the  Graafian 
follicles,  but  (as  Waldeyer,  Nagel,  de  Sinety  and  Malassey,  Flaischlon  aod 
Pfannenstiel  have  shown)  from  the  germinal  epithelium  of  the  surface  of  the 
ovary.  This  sends  epithelial  buds  downwards,  which  become  converted  Into  the 
adenomatous  cystic  and  papillary  formations,  while,  at  the  same  time,  a 
proliferation  of  the  stroma  of  the  ovary  produces  the  mucoid  tissue  in  the  walk 
of  the  cysts. 

The  development  of  the  proliferating  cyst  of  the  ovary  is  therefore  remark- 
ably  like  the  development  of  the  Graiifian  follicle,  which  is  also  derived  from 
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the  germinal  ©pitheHum.  It  is  thus  easily  understood  how  these  tumours  are 
generally  benignant,  for,  as  a  rule,  they  do  not  return  after  removal.  Thia  is 
not  always  the  case,  however.  Like  most  of  the  soft  cclkilar  tumours  of  the 
ovary,  the  proliferous  cysts  also  are  often  bilatenil,  the  tumour  formation  1>eiTig 
appjirently  transferred  from  one  ovary  to  the  other.  In  rare  cases  so-called 
peritoneal  metastases  arise  {E.  Wagner,  F.  Marchand,  Maygrier,  Baumgarten, 
and  in  three  observations  of  my  own).  Tho  tumour  spreatls  over  the  surface  of 
the  peritoneum,  where  it  forms  flat  circumscribed  tumours,  partly  adenomatous, 
partly  cystic.  At  the  same  time,  mucous,  sero-fibrinous,  or  sero-hix-morrhagic 
exudations  are  found  in  the  peritoneal  cavity.  These  characteristics  of  the 
tumour  show  its  great  tendency  to  independent  growth — ^an  independence  which 
is  also  seen  in  the  greiU  difference  which  exists  between  the  structure  of  the  fully- 
developed  tumour  and  that  of  the  organ  in  which  it  originates.  Finally,  the 
tumoiir  in  many  cases  is  converted  by  the  luxuriant  growth  of  its  cellidar  con- 
stituents into  carcinoma  or  sarcoma  and  may  then  give  rise  to  metastases  in 
distant  organs. 

Cystic  tumours  which,  in  the  most  important  features  of  their  structure. 
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Fio.  400.— Pii[iillju7  adeno-cyBtoin*  of  the  kidney  in  a  wonukn  of  forty-nine.    Smn  on  titMrerM  section.    TIjp 
dark  i«rtH  are  the  parts  of  the  kWney  which  renuilra,  but  aw  affected  by  the  growth.    Half  natural  sixc. 

resemble  the  proliferating  adeno-cy stoma  of  the  ovary,  occur  also  at  the  hilum 
of  the  ovary  between  the  folds  of  the  broad  ligament,  in  the  lateml  parts  of  the 
wall  of  the  uterus,  and  in  the  wall  of  the  vagina.  They  are  developed  by 
proliferation  of  the  p^irovarium  and  other  persisting  parts  of  the  reproductive 
portion  of  the  Wolffian  body  and  ducts  of  Gartner  (Veit,  Winkel,  Kultenbach, 
Coblenz,  v.  Recklinghausen). 

These  interesting  data  are  the  result  of  long-continued  observations,  and  the 
question  now  arises  whether  the  above-mentioned  adenoma  of  the  kidney  may 
be  classed  with  the  tumours  just  described,  since  the  renal  adenomata  also  occur 
partly  in  the  glandular  and  partly  in  the  jMipillary  form  and  develop  into 
tumour-8  which  may  closely  resemble  tho  proliferous  ovarian  cyst.  Fig.  400 
shows  a  tumour  of  thia  kind  (one  half  natunJ  size),  consisting  of  a  number  of 
tumour  nodules,  which  was  examined  in  my  laboratory  by  Schiilz.  These 
nodules  show  more  or  less  distinctly  the  structure  of  cysts  filled  with 
'  papillomata.  The  typical  adeno-cystomata  of  the  ovary,  as  a  rule,  have  a  larger 
quantity  of  fluid  in  their  cavities  than  is  the  case  in  this  tumour.     Before  this 
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fluid  distends  the  cysts,  however,  the  proliferous  papillary  adeno-cystoma  of 
the  ovary  also  appears  in  a  form  similar  to  that  found  in  the  kidney.  In  some 
cases  the  cyst^  of  the  papillary  or  glandular  cyst-adenoma  of  the  kidney  are  also 
fully  distended  by  mucoid,  stringy  fluid.  According  to  the  observations  of 
Niiuwerck,  Hufschraid,  and  v.  Kahlden,  the  congenital  cystic  kidney  may  be 
regarded  as  a  cyst-adenoma  of  the  kidney,  containing  much  fluid  and  due  to 
similar  developmental  disturbances. 

The  following  case  may  therefore  be  included  in  these  observations.  It  i» 
that  of  adeno-cystoma  of  the  kidney  in  a  woman  aged  thirty-eight,  which  wm 
accompanied  by  growth  of  a  similar  tumour  in  the  vaginal  wall  The  renal 
tumour  was  removed  here  by  my  colleague,  Zoege  von  ManteuflTel,  and  the 
vaginal  tumour  some  time  later  by  my  colleague,  Kessler.  Both  were  brought 
to  me  for  examination.  The  view,  that  in  this  case  a  metastasis  of  the  primary 
renal  tumour  was  present  in  the  wall  of  the  vagina,  is  rendered  decidedly 
improbable  by  the  fact  that  such  tumours  have  little  tendency  to  fonn 
metastases  in  distant  organs.  It  seems  more  likely  that  it  was  a  case  of  primary 
multiple  tumour  formation,  which  is  not  unusual  in  these  tumours  of  the 
ki<ineys  and  ovaries.  The  primary  multiple  tumour  formation  is  then  to  be 
regarded  as  the  consequence  of  an  anomaly  of  development  in  the  genito*urinary 
tract.  These  facts  render  it  probable  that  further  investigation  will  prove  the 
suggestion  on  page  568  to  be  correct  The  adeno-cystoma  and  adenoma  of  the 
kidney  must  then  be  supposed  to  originate  in  those  parts  of  the  Wolffian  body 
which  take  part  in  the  development  and  formation  of  the  kidney,  perhaps,  alio, 
from  aberrant  reproductive  parts  of  the  Wolffian  body.  It  may  also  be 
supjiosed  that  the  papillomata  of  the  urinary  bladder  have  a  similar  origin. 
These  may  perhaps  arise  from  portions  of  the  ducts  of  the  primitive  kidney  or 
Wolffian  ducts  which  have  become  separated  off,  and  that  the  hyperaemia  of  the 
bladder  wall,  due  to  catarrh,  may  possibly  stimulate  the  aberrant  embryonic 
cells  to  grow  into  the  bladder. 

Among  the  cystomata  whose  origin  ia  to  be  attributed  to  disturbances  of 
embryonic  development,  the  dermoid  tumour  must  also  be  mentioned.  Thii 
forms,  as  a  rule,  a  unilocular  cystoma,  the  walls  of  which  are  made  up  of  the 
essential  constituents  of  the  skin.  The  central  cyst  is  lined  with  stratified 
squamous  epithelium,  the  youngest  layers  of  which,  i.e.  those  corresponding  to 
the  rete  Malpighi,  sometimes  show  autochthonous,  brown,  granular  pigmenta- 
tion. This  epithelial  layer  lies  on  a  firm  connective  tissue  membrane, 
analogous  to  the  corium  of  the  skin.  Sometimes  papillae,  hair  follicles  and  hain, 
and  sebaceous  glands,  and  more  rarely  teeth,  are  developed  in  the  cyst  wall. 
There  may  also  be,  further,  portions  of  cartilage,  bony  tissue,  muscle,  nerves, 
rudiments  of  intestine,  and  other  inchcations  of  organs.  The  dermoid  cysts  are 
filled  either  by  a  turbid  fluid,  containing  desquamated  epithelium,  fat  drops,  and 
albuminous  molecules,  or  still  more  frequently,  a  pulpy  mass.  The  principal 
piut  of  the  latter  consists  of  desquamated  epithelium,  fat  and  albumen 
molecules,  sparkling  crystals  of  cholesterin  and  small  quantities  of  fluid. 
Numerou.s  detached  hairs  are  very  common,  and  more  rarely,  t4?eth  are  fnuivd 
in  the  contents  of  the  cyst.  I  once  found  in  the  ovary  a  dermoid  which,  iu 
addition  to  squamous  epithelium,  contained  large  quantities  of  a  white,  unctuoui, 
laooIine4ike  fat.  A  chemical  investigation,  undertaken  by  my  desire  by  my 
colleague,  K.  Robert,  showed  large  quantities  of  lanoline,  ix.  a  combinatiun  of 
fatty  acids  with  cholesterin,  in  the  contents  of  the  cyst.  This  result  is  no 
longer  imprccedented,  since  0.  I^iebreich  has  found  lanoline  in  the  venux 
caaeosa,  the  unctuous  substance  on  the  skin  of  newly-born  children. 
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Dermoids  occur  in  all  parts  of  the  body,  most  frequently  in  the  ovary, 
testicle,  in  subcutaneous  connective  tissue^  in  the  cellular  tissue  of  the  media- 
Btinura,  and  in  the  spleen. 

The  occurrence  of  dermoids  deeply  within  the  parenchyma  of  organs  shows 
clearly  enough  that  the  tumour  is 

due  to  certain  anomalies  in  embry-       ^m  <^  ^         ^ 

onic  development,  through  which  J^  I  ^^  rafc4v  ..*itojwt«v'A::.:'»!riSiat6^ 
portions  of  skin  becr'no  deposited 
in  more  deeply  situated  tissues^  and 
are  then  transformed  into  cysto- 
mata.  The  dermoids  situated  in 
the  subcut4ineoU3  tissues  are  due 
to  similar  causes.  These  develop 
especially  on  the  anterior  and  pos- 
terior lines  of  closure  of  the  human 
body  in  the  regions  in  which  fis- 
sures are  present  in  the  embryo, 
i.e,  the  face  and  the  region  of  the 
neck  It  is  easy  to  suppose  that, 
in  certain  cases,  some  of  the  cells 
of  the  epidermis  remain  deeply 
embedded  during  the  closiu'e  of 
acme  of  these  fissures  and  become 
converted  into  dermoid  cysts.  ^^  ^ 

The    dermoid    cyst    is    conse-  f'ff^^  •-?'  ^^'Sn 

quently     to     be     regarded    as     a 

kratwna   whose    walls    repeat   the  //---::£:>       '  '^TaI 

structure  of  the  skin,  and  which 
arises  from  an  aberrant  portion 
of  tissue.  In  many  dennoids  of 
complicated  atructine,  the  walls  of 
which  contain  muscular  and  nervous 
tissue,  bones,  and  rudiments  of  in- 
testine, we  have  manifestly  to  deal 
with  a  Mispkcement  of  the  tissues 
of  more  than  one  embryo.  These  ^ 
more  highly  developed  dermoids 
must  bcexplained  by  the  supposition 
that  an  embryo,  originally  quite  or 
partialiy  independent^  is  deposited 
in  the  interior  of  a  second  embryo. 
These  teratomata  are  therefore 
cases  which  depend  on  fcetal  inclu- 
sion (see  pp.  188-190). 

Dermoids  of  subcutaneous  tis- 
sue may  occasionally  be  mistaken 
for  athtnimu  ajsts  (sel^aceous  cysts).  " 

These  appear  in  two  forms  as  fdlkular  or  hypfrplaaHe  sthaceous  cysts  and  as 
neoplasHc  cysis. 

The  foUkuhr  or  hi/pcrplaslk  sebuceaus  cysi  is  due  to  dilatation  of  hair  follicles 
and  sebaceous  glands.  The  slight  degree  of  such  dilatations,  which  always 
aflfect  either  the  upper  part  of  the  hair  follicle  or  the  sebaceous  glands,  is 
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termed  milium  or  comedo.  It  is  caueed  by  the  accumulation  of  epithelium 
undergoing  fatty  degeneration  which  composes  the  secretion  of  the  sebaceous 
gliiuds  operung  into  the  hair  follicles-  ^VTien  the  dilatation  of  these  structures 
is  greater,  they  become  cystic  and  are  termed  follicular  atheroma  cysti 
Their  contents,  like  those  usimlly  found  in  dermoids,  are  pulpy,  and  consist  of 
desK^luamated  squamous  epithelium,  fat  droplets  and  cholesterin  crystals.  A  few- 
hairs,  formed  from  the  papilla  of  the  haii"  follicle,  may  occasionally  be  present 
in  these  secretions.  The  investigations  of  Boerhaave,  van  Swieten,  Ajstley 
Cooper,  R.  Virchow,  and  Chiari  show  that  the  follicular  atheroma  cyst  is,  as  a 
rule,  distinguished  by  the  jiresence  of  an  opening  formed  from  the  original  hair 
follicle,  and  l>y  the  remaitis  of  a  hair  follicle  or  a  sebaceous  gland  in  the  more 
deepl}'  sitiuited  part  of  the  cyst.  In  dennoids,  on  the  other  hand,  there  is  no 
communication  between  the  cavity  of  the  gland  and  the  surface  of  the  skin. 
Their  wall  is  ttiickei*,  and  frequently  shows  piipillie  which  are  sometimes 
characterised  by  the  presence  of  numerous  hair  follicles,  sebaceous  glands,  and 
other  tissue  structures.     The  dermoid  is  a  cyst  whose  wall  consists  of  skin ;  the 
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Pio.  403.— AUi«ronw  cyst  in  the  »klo.    The  coTitan'Ui  tut  Ixuninated  and  coutut  of  shed  epttkiliaia. 

Slightly  diogniaiinatic,  xll. 

follicular  atheroma,  on  the  other  hand,  is  a  cystic  dilatation  of  a  hair  follicle  or 
sebaceous  gland,  duo  to  accunuilation  of  secretion. 

The  ne&plasiif  aihermna  cysts  or  rpidermml  cysts  (Franke)  are  distinguished  from 
the  follicular  atheroma  cysts  by  the  fact  that  the^^  are  not  coiuiected  vhth  hair 
follicles  or  sebaceous  glands.  They  occur  on  hairless  parts  of  the  body,  ^.<7.  on 
the  flexor  a«pect  of  the  fingers  and  of  the  palm  of  the  liand.  One  might  there- 
fore  be  inclined  to  regard  them  as  dermoids.  They  are  frequently  situated  in 
the  skin  itself,  however,  and  may  therefore  be  regarded  merely  as  abnormal 
epithelial  ingrowths,  but  not  as  cysts  whose  walls  correspond  to  the  skin  i)rt3per. 
In  many  cases  they  may  be  due  to  an  injuj'y  which  causes  epithelial  cells  to  be 
deposited  deeply  within  the  corium  ;  in  other  cases  they  are  apiiarently  spon- 
taneous. In  both  cases  they  must  he  regarded  as  completely  new  formations, 
and  have  been  distinguished  from  the  follicular  retention  cysts  of  the  hair 
follicles  and  sebaceous  glands.  Their  walls  consist  of  stratified  squamous  epi- 
thelium, and  their  pulpy  contents  of  shed  epithelial  squames. 

Thcj^miy  tumt/ur,  chAesU'iiloitiu  (Job.  Midler),  is  distinguished  from  atheroma 
by  the  character  of  ita  contents.     These  form  more  or  less  compact,  waxy,  or 
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mother-of-pearl-like  masses,  consisting  of  shed  epidermic  squames  and  cholesterin 
crystals.  The  epidemiic  squames  are  arranged  in  irregularly  concentric  lamiiiie, 
and,  accordingly,  the  whole  tumour  has  a  roimded  shape.  They  are  sometimes 
formed  in  pre-existing  hollow  spaces  which  are  lined  with  epithelium,  such 
as  the  sinuses  of  the  mastoid  pi'ocess  of  the  terapoi'al  bone,  the  middle  ear, 
the  frontal  sinuses  fVVeinlechner),  and  in  the  ceutml  canal  of  the  spinal  coi"d 
(Chiari).  The  cholesteatoma ta  of  the  ear  are  frequentl}'  associated  with,  and  arc 
perhaps  in  many  cases  due  to  aural  catan*h.  In  the  case  of  the  cholesteatoma  of 
the  central  canal  of  the  spinal  cord  ari  autonomous  new  formation  of  cells  nuist 
he  regarded  as  the  cause.  It  appeai-s,  therefore,  to  he  a  tnie  tumour.  Those 
cholesiteatoraata  which  are  observed  in  variously  composed  tumours  of  the 
testicle  an^  ovary  containing  epithelium,  are  also  to  be  regarded  as  true  tiunonrs. 
Tumoiu^  with  an  exactly  similar  structure  are  found  in  the  leptomeninges, 
where  they  apparently  arise  from  the  endothelial  cells  which  line  the  trabecidae 
of  the  arachnoid.  They  are  sometimes  as  large  as,  or  larger  than  a  w;dnut.  The 
flat  cells  of  these  tumours  are  also  arranged  in  irregularly  concentric  laminae. 
They  are  sometimes  primary  multijile  growths,  and  are  then  found  as  a  number 
of  pearl-like  tumours  in  the  ai-achnoid.  In  other  cases  the  originally  separate 
pearls  become  united  and  form  irregular  masses.  It  is  doubtfid  whether 
the  cholesteatoraata  of  the  cerebral  membranes  are  due  to  a  metaplasia  of 
the  arachnoidal  endothelium  into  epithelium,  or  are  produced  by  the  abemition 
of  embryonic  epithelial  cells  from  the  sldn  or  from  the  piimitive  brain  and 
cord. 
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B.  Gellnlar  Tomonn 

The  cellular  tumours  cormd  of  tissues  which  are  distinguished  from  the  normal 
forms  of  tissue  by  the  presence  of  a  much  greater  number  of  cells.  The  abnormallj 
great  wealth  of  cells  in  the  tumour  indicates  a  higher  degree  of  autonomy  in  the 
new  formation  of  tissue.  This  is  further  expressed  by  more  rapid  growth,  by 
the  encroachment  of  the  growing  tumour  upon  the  normal  tissue  around  it,  by 
tendency  to  local  recurrence  after  extirpation,  by  frequent  and  early  develop- 
ment of  metastases,  and  by  all  the  previously  mentioned  peculiarities  which 
characterise  malignant  tumours. 

Some  of  the  cdlular  tumours  arise  from  the  organoid  tumours  by  the  tissue  of 
the  latter  taking  on  a  rapid  growth.  Thus  a  pigmented  melanotic  sarcoma  of 
the  skin  may  arise  from  the  rapid  growth  of  the  pigmented  connective  cells  of 
a  pigmented  nsevus,  and  a  mammary  cancer  may  arise  from  the  multiplication 
of  the  epithelial  cells  of  a  fibro-adenoma  of  the  mamma. 

In  other  cases  the  cellular  tumours  develop  directly  from  the  tissues  of  the  organs 

and   possess   from  the  very  first   their 
highly  cellular  character. 

As  a  general  rule,  the  cellular 
tumours  show  the  characters  of  embry- 
onic tissue.  It  is  therefore  easily  ex- 
plained why  many  cellular  tumours, 
especially  the  sarcomata,  appear  not  only 
in  adults,  but  also  in  young  individuals, 
and  even  in  foetal  life  (Fig.  403).  With 
regard  to  their  structure,  certain  agree- 
ments with  some  of  the  organoid  varieties 
of  tumour  may  be  recognised  which 
would  make  it  possible  to  divide  the 
a     .»>    c  r  .K  •  1      r,*  ^iA  n-  fl..™.^  cellular  tumours  in   the  same   manner 

Pro.  40S.— Satcoiha of  the  index  and  middle  fingers  rt         •      ^'of 

in  a  child  of  ten  weeks.  Five-eighths  natorai  size,  as  the  organoid  tumours.  Certain  differ- 
ences in  relation  to  the  growth  of  the 
tumour  and  to  the  production  of  metastases  may  be  observed,  however,  which 
cause  the  cellular  tumours  to  be  first  of  all  separated  into  two  great  groups — 
the  sarcomata  and  the  carcinomata.  The  latter  correspond  to  cellular  variations 
of  the  epithelial  constituents  of  the  organoid  tumours,  the  former  to  a  cellular 
variation  in  their  non-epithelial  constituents. 

(a)  Sarcomata 

The  sarcomata  form  a  group  of  ceUular  tumours^  in  which  epithelial  structures  are 
either  completely  absent  or  occur  merely  as  accidental  and  unimportant  constituents. 
They  constitute  the  most  malignant  forms  of  tumour. 

Among  the  characteristics  which  are  common  to  all  sarcomata,  the  following 
may  be  mentioned : — Rapid  growth,  tendency  to  ulceration,  tendency  to  local 
recurrence  after  extirpation,  early  and  extensive  development  of  metastases. 
The  metastases  are  either  local  (Fig.  350  on  p.  228),  that  is,  due  to  discontinuous, 
peripheral  growth,  or  general.  The  local  and  general  metastases  are  very 
marked  characteristics  of  the  sarcomata.  As  a  result  of  the  former,  sarcomata 
are  frequently  lobulated.  The  frequent  occurrence  of  general  metastases  through 
the  circulation  leads  to  the  formation  of  multiple  secondary  sarcomatous  nodules, 
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cbaracter  from  the  very  first.  These  sarcomata  may  then,  be  classified  according 
to  the  various  types  of  tissue  which  correspond  to  the  organoid  tumours  they 
resemble. 

The  Jibro-mrcmiia  represents  a  celhilar  variation  of  the  fibroma.  In  the 
fibro-sarcoma  the  connective  tissue  structure  is  still  to  be  recognised.  The 
tumour  consists,  tike  the  simple  fibroma,  of  cells  with  the  character  of  connec- 
tive tissue  cells,,  of  homogeneous  and  fibrillar  intercellular  substance,  and  of  the 
blood-vessels  which  nourish  it  But  in  the  fibro-saixoma  the  cells  are  very- 
prominent,  and  in  numbers  such  as,  under  normal  circurastances,  are  only  to  be 
seen  in  embryonic  connective  tissue. 

The  mt/xo-siircoimi  (Fig,  405)  is  a  cellular  variation  of  the  myxoma. 
Between  numerous,  mostly  stellate  cells  only  a  small  quantity  of  muooufi, 
homogeneous,  and  fibrillar  intercellular  substance  is  found.     The  myxo-sarcoma 
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Flo.  40A. — Chondro-ttreonui  of  upper  jaw.    Margin  of  a  portion  of  cartilAgQ  whicti  is  becomiof  saroomkUnu. 
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may  also  represent  a  cellular  variation  of  the  b'poma,  in  so  far  as  the  latter 
passes  into  a  myxoma  before  it  undergoes  its  celhilar  transformation.  The 
chondroma  also  passes,  occasionally,  into  con'esponding  cellular  forms  and  is 
converted  into  chondro-saramui  (Fig.  406),  The  original  type  of  Uasae  u^ 
however,  to  be  recognised  only  in  small  unaltered  islets  of  cartilaginous  tianu^ 
since  the  intercellular  substance  of  the  chondro-sarcoma  is  so  B«inty  that  its 
peculiar  characters  are  lost,  or  at  least  can  no  longer  be  made  out  distinctly. 

The  osteosarcoma  (Fig,  407),  the  cellular  variation  of  the  osteoma,  is 
indicated  as  a  tumour  consisting  of  bony  tissue  whose  medullary  and  spoDgy 
spaces  are  not  filled  with  the  usual  medullary  tissue,  but  with  sarcoiDat<Mts 
cells. 

The  osteoid  sarciima  has  a  similar  structme,  with  this  difference,  that  the 
bony  tissue  is  represented  by  osteoid  tissue.  By  a  calcareous  deposit  in  the 
latter,  parts  of  the  tumoiu-s  not  infrequently  pass  into  O8teo-«arcoma.  If 
the  tumour  is  macerated  in  water  and   then  freed  from  its  soft  parts,  it« 
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skeleton  shows,  even  to  the  naked  eye,  the  radiating  spiciiles  which  are  found, 
as  a  rule,  in  the  osteoid  sarcoma  (Fig.  408). 

With  reference  to  the  (jlio-s<m:oina  {Fig.  409),  the  mast  important  facts  have 
been  already  mentioned  under  Glioma.  The  glioma ta  are  themselves  so  cellular 
that  an  additional  increase  in  the  luiraber  of  the  cells  enlarges  the  tumour, 
hnt  does  not  materially  affect  its  microscopic  appearances.  The  diagnosis 
of  the  glio-sarcoma  must  therefore  he  niade  on  other  grounds.  Rapidly 
growing,  highly  cellular  gliomatous  tumours  are  usually  termed  glio-sarcomata, 
if  they  have  already  produced  metastaHses,  or  if  they  have  in\ade(l  neighlwur- 
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Fto.  407. — Outfylug  Muromi  of  the  superior  maxilla.  D«eal- 
ciQod  by  alcobol  and  nltaic  acid  (1 :5>.  AJkallmMd  by 
washing  with  precipitated  carbonate  of  licoe  \n  apiriL 
Stained  with  alum  carmine.     Xfrl. 


Pra.  408.— PftrttallyoHHiri..!  j.im  „i..",  :il  ,..-., r,i 
•arcoioa  ot  lb?  feiuur,  Tim  avAi  ji^ru 
have  been  remoTBd  by  maceration.  One- 
third  natonl  bIm. 


ing  tissues.  This  course  is  justified  in  so  far  that  experience  shows  that 
gliomata  are  very  slowly  growing  tmnoura,  and  do  not  usually  produce  meta- 
stases or  invade  surrounding  tissues  during  their  grow^th. 

The  angiihSiiYcomat^i  appear  as  cellular  variations  of  the  vascular  angiomatii. 
They  may  be  aeparated  into  two  forms — the  angiomatous  sarcoma  and  the 
perithelial  sarcoma.  These,  however,  show  many  transitional  varieties,  and 
may  occasionally  he  combined  in  such  a  manner  that  a  part  of  a  tumour- 
appears  aa  an  angioma,  and  another  part  of  the  same  tumour  as  a  peii- 
thelial  sarcoma.  It  may  also  happen  that  portions  of  such  tumours  show 
transitions  into  spindle  and  round  celled  sarcomata,  inthout  any  abnormality 
in  the  number  or  size  of  the  vessels. 
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perithelium.     Between  these  peritheliiil  cords  there  are  found  either  areas  of 
connective  mucoid,  or  sarcoma  tiBsue  (Fig.  412),  or  masses  of  finely  granular 

The  great  vascularity  of  the  angio-sarcoraata  is  sometimes  indicateti  by  pulsa- 
tion during  life.  In  many  cases 
of  angio-sarcoraa  a  blowing  souffle 
synchronous  with  the  pulse  may 
be  heard  on  auscultation.  This 
may  sometimes  lesid  to  a  mistaken 
diagnosis  of  an  aneuriamal  dilabi- 
tion  of  an  artery. 

The  myo-mramia  correspond  to 
cellular  variations  either  of  the 
rhabdomyoma  or  of  the  leiomyoma. 
The  rhabdomyo- sarcomata,  which 
have  been  already  referred  to  under 
Rhalxlorayoma,  appear  as  round  and 
spindle  celled  sarcomaiii  which  con- 
tain a  varying  number  of  newly- 
formed  striped  muscle  fibres.  The 
structure  of  leiomyo-sarcoma  is 
similar  to  that  of  a  simple  spindle-celled  sarcoroA,  since  the  smooth  muscle  fibres 
tend  to  lose  their  specific  form  by  their  transition  into  sarcomata.     Still,  in 


Pro.  411.— TeloMglecUtic  juucom*  of  Uia  axflla,  X  300. 
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Fie.  412.— Meliuiotlc  peritheliAl  axconu  in  the  p«roUd  regjon,  xll7. 


leiomyo-sarcomata  some  bundles  of  fibres  are  occasionally  seen  which,  by  their 
long  narrow  appearance,  remind  one  of  smooth  muscular  fibres. 

The  neuroma  has  no  celhdar  variety.  The  only  cellular  modifications 
known  occur  in  the  fibromata  and  my.vomata  of  the  nerves,  which  certainly 
used  to  be  often  styled  neuromata. 

The  lipnjp}io-$arconm  remains  to  be  mentioned.     Its  tissue  consists  of  a  finely 
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reticulated,  intercellular  substance,  and  small  round  cells  which  show  all  the 
chamcters  of  lymphoid  cells.  It  is  true  certaiuly  that  we  cannot  name  any  true, 
undoubtedly  autonomous,  organoid  tumour  which  gives  rise  to  the  lympho- 
sarcoma by  cellular  variation.  Still  the  latter  so  distinctly  shows  the  structure 
of  an  abnormally  cellular  lymphatic  tissue,  that  it  cannot  Ije  omitted  here. 

The  lympho-sarcoma  appeal's  as  a  primary  growth  only  in  organs  which 
contain  many  lymphoid  cells,  such  as  the  lymph -glands,  the  tonsils,  and  the 
Ivone- marrow  more  especially.  It  then  e.xtends  into  adjacent  organs  and 
tissues,  and  thus  appears  as  a  malignant  tumour  with  a  certain  degree  of 
autonomy.  The  lymph -glands  in  the  neck,  for  example,  become  enlarged  by 
great  formation  of  lymphatic  tissue.  The  autonomous  character  of  the  neo- 
plasm cannot  be  definitely  proved  until  the  growing  lymphatic  tissue  extends 
beyond  the  lymph -glands  and  spreads  into  the  loose  connective  tissue  «ur- 
rounding  thera^  and  perhaps  into  the  adjacent  muscles.  A  large  tumour  ta 
then  fonned,  which  consists  of  growing  lyrajihatic  tissue  an<l,  as  a  rule,  reaches 
a  very  coniiderable  size  before  it  undergoes  kmy  retrogre^ssive  change,  the  most 

conmion  form  of  which  is  fine  granulir 
degeneration.      Sooner   or    later   similar 
tumours  develop  in  distant  organs.     The 
^^ SJ^ ^^"^^SiWKWS       lymphatic  follicles  which  are  present  in 
^^^^^^mgStf^  Jj^Bj^Sl        nearly  all  organs  take  on  active  growth 
VILA.  ^SBK^ji^^S^^^S^       and    produce   foci   of    lymphatic     tissue 

varying  in  size.  In  the  spleen  ami 
liver  these  metastases  are  frequently 
present  in  large  numbers  as  imperfectly 
limited,  white,  medullary  tumours,  the 
size  of  lentils  or  peas  with  no  well- 
marked  boundary.  Some  of  them  grow 
larger,  and  sometimes  reach  the  size  of 
a  walnut  or  hazel-nut  In  general, 
however,  the  lympho-sarcomatous  tumour 
shows  relations  »ind  transitions  to  the 
special  diseases  of  the  lymphatic  and 
blood-forming  organs  which  will  bo  mors 
fully  considered  in  discussing  the  diseases 
of  the  spleen,  lymph-glands,  and  bone-marrow. 

In  nuiny  cases  the  cells  of  sarcomata  develop  to  such  an  extent  that  the 
original  typo  of  tissue  cannot  be  recognised,  and  it  is  difficult  to  classify  the 
tumour  among  the  types  mentioned.  These  forms  of  sarcoma  are  the  moat 
malignant,  ai^d  therefore  the  most  important  practically.  They  are  all 
composed  of  cells,  intercellular  substance,  and  blood-vessels,  and  consist  of  tissues 
which  resemble  the  embryonic  forms  of  connective  tissue.  There  are  note- 
w^orthy  points  of  difference,  however,  especially  as  regards  the  character  of  the 
cells.  The  nature  of  the  cells,  therefore,  is  usually  made  the  basis  of  chissifica- 
tion,  and,  accordingly,  the  follo-vving  varieties  of  sarcomata  are  distinguished  : — 
The  fipiiidk-ceUeii  mrc^/jmi  (sarcoma  fuso-cellulare,  Fig.  414)  consists  of 
spindle  cells,  with  a  small  amount  of  intercellular  substance  and  blood-ve 

As  sub-varieties  of  this  form  we  may  mention  the  larfff,  and  smaU  tfimOi^ 
celled  sarcoTfuiUi.  The  latter  often  contains  more  spindle  cells  and  passes  gndn- 
ally  into  the  fibro-sarcoma. 

The  roimd-celled  mrconm  (sarcoma  globo-cellulare)  also  shows  some  sob- 
varieties. 


Fto,  413.— Lyropho-ftuxoma  frora  tho  Ijrraph-glftndB 
of  the  neck  \n  «  raan  of  twenty  •one,  x610. 
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The  hxTijit  r&und-celkd  mrcmna  is  frequently  more  or  less  distinctly  alveolar 
in  structiire,  the  tumour  being  divided  into  smaller  areas  by  coarse  aud  fine 
connective  tissue  septa  (Fig.  415),      Most  of  these  connective  tissue  septa 


Flo.  '114.— tiptndle-e«lled  Mrcoma  of  the  skin.    A  thin  flection  which  ka  been  teased  out  a  little.    The 
inolatod  ■plndlea  are  teen  in  longitudiiuil  »nd  truiavene  section,    x  225. 

cany  blood -vessels  which  nourish  the  tumour.  Fine  reticular  threads  of 
intercellular  substance,  which  penetrate  between  the  individual  cells  of  the 
tumour,  sometimes  become  united  with  the  connective  tissue  septa.  This  is 
undoubtedly  a  tumour,  the  cells  of  which  have  their  physiological  analogue  in 
the  round  plasma  cells  of  connective  tissue.  These  tumours  not  infrequently 
develop  out  of  soft  moles!,  which,  as  already  described,  are  rich  in  con- 
nective tissue  plasma  cells,  and  in  many  cases  present  the  structui'o  of 
large  round-celled  sarcomatii  in  every  detail.     Many  of  the  above -described 
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Fio.  416.— Large  roa0d<cflUed  flarcoma  from  the  Hkio  of  the  thigh,  x862. 

angio-*arcomata  may  be  classed  with  the  large  round-celled  sarcomatiL  In 
these  also  a  distinct  alveolar  stnieture  may  bo  recognised  as  a  rule,  since  the 
capillary  network  encloses  round  islets  of  sarcoma  cells.  Finally,  large  round- 
celled  sarcomata  are  seen  which  are  apparently  derived  from  connective  tissue, 
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yet  show  such  a  well-marked  alveolar  arrangement  that  they  cannot  be 
distinguished  from  epithelial  carcinomata  under  the  microscope.  The  alveoli 
of  these  tumours  are  sharply  defined  and  contain  large,  closelj-packed  cells 
exactly  similar  to  epithelial  cells  (Fig.  416).  It  is  only  the  derivatiGn  of  these 
tumours  from  connective  tissue  which  justifies  us  in  separating  them  from  the 
carcinomata  and  calling  them  endotheliomaia  (Golgi).  They  have  also  been 
termed  endothelial  carcinomata  (Schulz)  and  epitheliomata  of  the  seroos 
membranes  (Robin),  names  which  are  intended  to  indicate  that  the  tumours  are 
developed  from  the  endothelial  lining  of  the  lymphatics,  the  serous  cavities,  or 
the  connective  tissue  spaces.  Such  tumours  are  sometimes  found  in  the  pleura 
and  in  the  peribronchial  connective  tissue  of  the  lungs,  which  is  well  supplied 


Fio.  416.— Endothelioma  of  the  akin  of  the  thigh.    A  tumour-like  autonomous  growth  Itom  the  eodothelitan 
of  the  lymphatic  vessela.    Bome  capillaries  are  seen  in  the  neighbouring  tissues,    x  2SS. 

with  lymphatics,  in  the  cerebral  membranes,  and  occasionally  in  other  situa- 
tions, especially  the  skin  (Fig.  416).  When  the  cell  proliferation  continues, 
the  alveolar  structure  of  the  tumour  is  sometimes  lost,  so  that  its  older  parts 
become  converted  into  a  simple,  large  round-celled  sarcoma. 

The  small  round-celled  sarcoma  (Fig,  417)  is  distinguished  by  the  smaller 
size  of  its  cells.  These,  as  a  rule,  are  uniformly  distributed  without  any 
marked  alveolar  arrangement  and  lie  among  a  scanty  intercellular  substance. 
It  is  relatively  very  highly  cellular,  and  is  therefore  exceedingly  malignant  as  a 
rule.     Its  structure  very  closely  resembles  that  of  embryonic  connective  tissue. 

The  fiat-celled  sarcoma  (sarcoma  planocellulare)  has  become  more  accurately 
known,  especially  through  the  researches  of  E.  Neumann.  It  consists  of  flat, 
connective  tissue  cells  which  resemble  endothelial  cells  (Fig.  418).  It  is 
therefore  frequently  associated  with  the  round-celled  endothelioma.     The  flat 
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eells  aTB  applied  to  each  other  in  multiple  concentric  laminae,  like  the  coats  of 
ati  onion,  so  that  in  fine  sections  through  the  tumour  they  are  seen  sometimes 
on  their  flat  sui-face,  sometimes  on  their  edge,  in  which  case  they  appear  to  be 
spindle-shaped     These  tumours  are  chiefly  situated  in  the  cerebral  membranes, 
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rio.  417. — SnuJI  roiiud-celle<l  Harcoiua  of  Lhe  Ileum,  showiu^  uucl«ar  fngmentatiou.     a,  x30O  ;  7<,  xl260. 

especially  the  dura  mater  and  its  prolongation  to  form  the  sheath  of  the  optic 
nerve.  The  tumours  which  develop  in  these  regions  frequently  contain  con- 
centrically laminaied  calcareous  concretions  (psammo-sarcoma  planocellulare). 

In  myxo-sarcomata  there  are  frequently  branching  cells  whose  processes 
appear  to  be  connected  with  each  other  here  and  there.  Accordingly,  this 
form  of  tumour  may  l>e  termed  Mellate  or  rdicuJak  cdkd  mrc&mn  (sarcoma 
retieulo-cellukre).  According  to  the  character  of  the  cells,  a  pupnad  cell 
saremiia  or  melano-sarcoma,   distinguished  by  a    more    or    less   well-marked, 
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Fto.  418.— Pttnuno-MkTComA  pkuo-cellulAn  ot  the  dun  iu«t«r  of  the  cord,  showing  uumeroiu  blood-TSMob 

cutacrota,  xMS. 


granular,  brown,  autochthonous  pigmentation  of  the  colls,  may  be  dift'crentiated 
(Figs.  419  and  412).  This  tumour  must  be  described  as  highly  malignant, 
because  of  its  gi-eat  tendency  to  fonn  metastases  both  by  way  of  the 
blood'VesBels  and  of  the  hmiphatics  (Fig.  203).  Sometimes  innumerable 
nodulea  of  melanotic  sarcomata,  the  size  of  lentils,  peas,  walnuts,  or  larger,  are 
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found  throughout  all  the  organs.  Since  the  cells  of  the  primary  melanotic 
sarcoma  are  not  all  pigmented  aa  a  rule,  the  metastatic  growths  arc 
both  pigmented  anrl  unpigmented.  The  occurrence  of  melanuria  has  been 
already  mentioned.  The  priniaty  melanotic  sarcomata  arise  mostly  in  the 
choroid,  in  the  iris,  or  in  the  skin,  especially  in  that  over  the  parotid  and  in 
that  of  the  foot.  Sometimes  a  pigmented  naevus  of  the  skin  forms  the 
starting-point  of  a  melanotic  sjircoma. 

Liifitly,  the  tjiant'CeUed  »arcama  (sarcoma  gigantocelhilare,  myeloid  sarcoma] 
is  distinguished  by  the  special  form  of  the  cells.  It  is  frequently  foimd  in  t 
mari"ow  of  the  long  lx>nes  and  in  the  periosteum  of  the  lower  jaw.  It  occurs^ 
however,  in  other  orgiins,  e.(f.  by  no  means  infrequently  in  the  mamma.  The 
giant-celled  sarcoma  does  not  consist  exclusively  of  giant  cells,  however, 
cells,  which  are  tlistingiaishod  by  the  Wge  number  of  their  nuclei,  as 
by  their  great  size,  are  found  in  varying  numbers  in  spindle  or  round  celled 
sarcomata.  The  giant- celled  sarcoma  is  thus  a  aiu'coma  which  contains  at 
least  two  different  forms  of  sarcoma  cells.     Other  myeloid  sarcomata  are  also 
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Pto.  419.— SptudluHseUed  mdauuUc  urooiua  ttma  the  sklo  of  tbe  foot,  x  400. 

seen,  which,  apart  from  the  giant  cells,  contain  various  other  forms  ol 
transitions  between  spindle,  roiuid,  and  stellate  cells. 

It  has  been  atatOLl  repeatedly  that  sarcomnta  frequently  imdergo  retro- 
gressive raetiimorphoses,  such  as  albuminous  and  fatty  degenerations,  caaeatioii 
and  mucoid  softening,  with  and  without  ulceration.  Sometimes,  also,  siin  ' 
hyaline  degenerations  set  in  which  give  the  tumour  a  peculiar  character 
have  led  to  the  term  cylindnnmi.  Under  this  name,  however,  adenomato) 
sarcomatous,  and  carcinomatous  tumours  are  described,  which  are  distinguisbi 
by  the  presence  of  hyaline  cords,  club.s,  and  spheres.  It  appears,  therefore,  to 
serve  no  purpose  to  adhere  to  the  tenn  cylindroma.  But  it  is  of  interest  tti 
note  that  hyaline  masses  of  various  forms  occur  in  sjxrcomata,  and  that, 
certiiin  cases,  these  hyaline  masses  are  rcgidarly  distributed  thi^oughout 
tumour.  Individual  paits  of  a  saicoma  may  undergo  hyaline  degenerution 
such  a  way  that  blood-vessels,  surrounded  by  sarcoma  colls,  are  found  in 
hyaline  masses.  In  other  cases,  the  hyaline  degeneration  affects  the  adveii 
coftt  of  the  capillaries  specially,  while  the  sarcoma  cells  rcmnin  intact.  The 
aorconuitous  tissue  is  then  traversed  by  hyaline  cords  and  cylinders,  in  the 
of  which  the  capillary  vessels  are  situated. 
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variations  of  the  non-epithelial  constituents  of  the  organoid 
be  that  they  develop  from  organoid  tissue  already  presei 
cellular  tumours  from  the  first.  Accordingly ^  the  primary  sai 
same  siiuations  as  the  corresponding  organoid  tummirs.  T 
is  that,  in  certain  places  and  organs,  the  tumour  formatio 
assumes  a  cellular  character,  while,  in  other  places,  ii 
maintains  its  organoid  character.  The  neuro-fibroma  of 
fibroma  of  the  nerve  trunks,  very  rarely  become  sar 
other  hand,  a  transition  into  sarcoma  is  comparatively  oftc 
organoid  tumours  of  the  skin,  termed  nsBvi.  Sarcomata  i 
formed  on  the  periosteum  and  in  bone -marrow,  situations  i 
are  decidedly  less  common. 

The  following  may  accordingly  be  mentioned  as  the  prir 
matous  tumours : — 

(1)  Skin,  tendons,  fascise,  sheaths  of  vessels,  dura  mat 

membranes. 

(2)  Periosteum  and  bone -marrow,  preferably  the  jaw,  t 

sory  cavities  of  the  nose,  the  femur,  and  the  tibia. 

(3)  Parotid,  lymph-glands,  testicle,  kidneys,  mamma,  ov 

(4)  Brain,  retina. 

The  special  local  characters  of  these  and  other  sarcomata 
in  the  special  pathological  anatomy. 
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(b)  Carcinoma 

Carcinomata  or  cancers  are  cellular  tumours  in  which  prolife. 
form  the  essential  constituerU  and  determine  the  course  of  the  disec 

Like  the  sarcomata,  the  carcinomata  are  highly  nw 
indicated  chiefly  by  their  rapid  growth,  by  their  tend* 
destruction  and  to  local  recurrence  after  removal  by  opei 
early  formation  of  metastatic  secondary  tumours.  The 
principally  by  way  of  the  lymphatics  (Andral,  E.  Wagner, 
Langhans,  Koster),  so  that  the  metastatic  tumours  first  ap] 
bouring  lymph-glands.  The  septa  and  sheaths  of  periphei 
frequently  provide  means  for  the  migration  of  the  tumoui 
carcinoma  of  the  lower  lip  which  spreads  to  the  lower  ]&^ 
along  the  course  of  the  inferior  dental  nerve.  These  ma; 
whole  length  of  the  inferior  dental  canal  and  come  to  the  siir 
opening.  In  ciincer  of  the  uterus  whole  rows  of  cancer  nodi 
observed  along  the  sympathetic  nerves.  Metastasis  of  the 
the  circulation,  is  less  common  as  a  rule.  It  is  only  in 
of  very  vascular  organs  that  it  occurs  at  all  frequently.  Th 
the    stomach   almost    invariably   produce    metastatic    tum( 
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This  highly  autofiomous  epitheliHl  prolifcralioii  which  diBtiiiguishea  car- 
cinoma may  start  from  the  epithelial  constituents  of  organoid  tumoiira 
It  is  thus  a  cellular  variation  of  an  organmd  tumma\  Fig.  422  may  serve  as  an 
example  of  such  a  process.     It  shows  an  adeno-fibroma  of  the  mamma  which 
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has  presumably  lasted  for  yeai-s.  A  soft  carcinoma,  resembling  brain  subsUuicv, 
has  developed  within  it  in  the  course  of  a  few  months.  Microscopic  investie^ 
tion  of  this  case  showed  quite  distinctly  the  transition  of  the  gUndular 
constituents  of  the  adeno-fibroma  into  the  alveolar  arrangement  of  the  epithelial 
cancer.  The  microscopic  appearances  in  Fig.  423  show  even  more  clearly  tlie 
formation  of  a  maminaiy  cancer,  with  small  alveoli  and  a  large  amount  of 
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connective  tissue.  This  was  also  developed  from  an  atie  no  fibroma.  The 
growth  of  the  ducts  of  the  gland  is  seen  distinctly,  and  also  their  transition 
into  the  alveoli  of  the  cancer,  filled  with  epithelium.  In  like  manner, 
jwipilloma  of  the  Itkdder,  adenoma  of  the  kidney^  the  multilocular  cyst  of 
the  ovary,  and  many  other  organoid  tumours  which  contain  epithelium  undergo 
celhdar  transformation  into  carcinomatous  tumours. 

In  other  Cciaes,  the  carcinoma  arises  pnuuirilti  as  a  cellular  tuniour  without 
passing  through  any  previous  organoid  sUige.  The  unrestrained  growth  of  epi- 
thelium starts  from  the  protective  find  glandular  epithelium  of  the  organs.  Fig. 
424  shows  such  an  occurrence,  the  development  of  a  squamous  epithelial  cancer 
from  the  skin.  The  proliferation  of  the  rete  Malpighi,  the  hair  follicles,  and  the 
sebaceous  glands  leads  firat,  in  this  case,  to  an  enlargement  of  this  part  of  the 
skin,  the  characteristic  structure  being  maintjuned.  But  the  proliferating  cells 
are  soon  fonned  into  strands  of  epithelial  cells,  arranged  like  a  net,  which  have 
lost  their  typiciil  chai-acter  and  gi-ow  in  a  downwanl  direction  without 
restraint.  In  development  of  aircinoma  of  the  stomach  and  rectum  the  conditions 
are  similar.  Di  these  growths  also,  if  they  do  not  develop  from  previously 
formed  adenomata,  the  tubules  of  the  glands  increase  in  size  before  they  go  on  to 
form  cancer  alveoli.  The  hyperplastic  glandular  growth  is  only  a  tnmsitory 
stage  of  development  which  soon  gives  place  to  the  autonomous  cancer  growth. 

In  all  carcinomata  a  growth  of  the  tissue  which  supports  the  epithelium,  i.e. 
the  atroma  of  the  part,  keeps  pace  with  the  epithelial  growth.  This  supporting 
tissue  is,  as  a  rule,  connective  or  mucoid  tissue.  In  special  cases,  however, 
these  are  repkced  by  other  tissuea  Thus,  in  cancer  of  the  uterus,  the  epi- 
thelium is  fovnid  embedded  in  tissue  composed  of  non- striped  muscle.  In 
carcinomata  which  invade  the  bones,  a  small  part  of  the  supporting  struc- 
ture is  fonned  of  osseous  tia.sue.  In  metJistatic  carcinoma  of  the  lungs, 
the  lung  alveoli  sometimes  become  hlled  with  autonomous  cancerous  epithelial 
growths. 

The  proliferation  of  the  interstitial  tissue  leads  first  to  new  formation  of  a 
cellular  gninulation  tissue  (Fig.  424,  ^r),  which  is  sooner  or  later  transformed 
into  veiy  cellular  fibrillar  connective  tissue,  or  into  cicatricial  tissue  containing 
only  few  cells.  This  proliferation  of  the  interstitial  tissue  appears  to  be  a  very 
subordinate  process,  inasmuch  as  it  A-aries  very  greatly  in  its  amount.  While 
many  carcinomatii  become  cicatrised  throughout  a  great  extent,  in  others 
the  proliferation  of  the  interstitial  tissue  is  ao  slight  that  only  very  careful 
examination  can  detect  it. 

Carcinoma  is  to  be  regarded  as  one  of  the  commonly  occurring  morbid 
processes ;  but  the  various  epithelial  organs  and  parts  of  organs  are  by  no  means 
equally  frequently  afTected.  Cancer  formation  is  specially  commonly  found  at 
the  orifices  of  the  various  cavities  of  the  himian  body,  ejj.  the  lips,  the  entrance 
to  the  laryiLx,  the  cardia  and  pylorus  of  the  stomach,  the  anus  and  the  external 
ori6ce  of  the  uterus,  the  I'xternal  orifice  of  the  male  urethra,  the  vidsa,  and 
other  pirts  which  are  frequently  subjected  to  mechanical  and  chenuc^d  action 
dui-ing  the  passage  of  food,  fieces,  etc.  Some  of  these  are  also  situations  at 
which  two  different  varieties  of  epithelial  structures  meet  each  other ;  where, 
therefore,  disturbances  of  development  are  apt  to  happen.  In  other  cases^  ulcers 
are  the  Hturting-points  from  which  carcinomata  develop,  e.g.  the  chronic  tdcer  of 
the  leg  (Fig.  425),  the  perforating  idcer  of  the  foot  (Zahn),  simple  gastric  ulcers, 
and  the  ulcers  which,  in  chronic  catarrh  of  smokers,  are  formed  on  the  tongue 
through  the  pressure  of  the  teeth  or  the  pipe -stem.  In  the  same  way  carcino- 
mata arise  in  slowly-healing  bui'ns  of  the  skin,  in  issues,  or  in  consequence  of 
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the  action  of  poisons,  of  paraffin  for  instance,  as  has  already  been  described  in 
detail  in  the  ch.npter  on  the  geneivd  etiology  of  tiimoors. 

If  it  be  added  that  carcinoniata  or  organoid  tumours,  which  may,  as  experi- 
ence shows,  sometimes  pass  into  carcinomata,  are  common  in  many  families,  the 
most  imporbmt  facts  have  been  stated  which  furnish  us  with  any  reliable 
conclusions  as  to  the  etiolog}'  of  tumours.  As  h;is  been  ah'eady  discussed,  the 
external  influencea  to  which  the  so-called  ostia  and  ulcers  are  specially  exposed, 
are  of  some  importance. 

What  pxrt  micro -parasites  play  among  these  external  influences  is  still 
doubtful,   especially   as    the   opinions  which    Malassez  and  myself  expressed 

^^-~-         concerning  the  nature  of  the  l>odies 
^^  included  in  ameer  cells,  which  we 

were  the  first  to  regard  as  parasitee, 
Jire  at  variance.  All  that  can  be 
sfiid  at  present  is,  that  the  discussion 
carried  un  l|y  Strobe,  Nils  Sjobring, 
Siegenbeck  van  Heukelom,  Ramsay 
Wright,  Utissel,  Pfeifl'er,  St<?inhau8, 
W.  Podwyssozki,  Sawtschenko, 
Warren,  Ruffer,  Walker,  Plimmcr, 
Foa,  Xoeggerath,  Kibbert,  Soudake- 
witsch,  Korotncft'  and  others,  render 
it  probable  that  xi^v^^  minute  aninud 
parasites  are  as  fiequently  present 
in  carcinomata  as  are  cerUdn  kinds 
of  Imcteria,  Their  ctiologic^'il  im- 
portance  is,  however,  altogether 
questionable. 

We  can,  therefore,  only  make  the 
general  statement,  that  mecluinical, 
toxic,  and  infectious  influences  are  of 
importance  as  regards  the  etiology 
of  C4ircinoma,  but  wo  cannot  as  yet 
define  this  importance  more  exactly. 
They  may  perhaps  act  as  determin- 
ing or  predisposing  causes.  With- 
out the  intervention  of  other  factors, 
they  would  not  suffice  for  the  pro- 
duction of  carcinoma,  however,  or 
carcinomata  would  occiu"  with  much 
great-er  frequency,  and  wo»ild  *pr 
pear  as  a  common  result  of  long- 
lasting  idcers.  We  must  suppose  rather  that  there  is  a  peculiar  predisposition 
to  carcinomatous  disease,  some  pecidiarity  of  the  individual  which  gives  the 
epithelium  the  power  to  grow  unrestrainedly. 

The  cfireinomata  may  be  divided  according  to  their  origin  and  their 
macroscopic  characters  into  papiDary  carcinoma,  adeno-carcinoma,  and  cysto- 
carcinoma. 

Papillarif  carcinoma  may  be  regarded  as  a  cellular  variation  of  the  papilloma. 
It  arises  either  from  a  iwifiilloma,  the  epithelial  cells  of  which  have  taken  on 
active  growth,  or  it  is  a  cellular  tumour  from  the  first.  It  resembles  the 
papilloma  in  so  far  that  its  surface  shows  papillary  elevations,  with  a  stem  of 
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vBScular  connective  tissue  and  an  epithelial  investment.  The  difference  betireen 
the  two  forms  of  tumours  is  that  in  the  papillary  carcinoma  the  epithelial 
growth  passes  deeply  into  the  underlying  tissues  and  extends  branching 
epithelial  processes  within  them,  which,  in  stmcture  and  arrangement,  as  well 
as  in  their  rektiona  to  the  neighbouring  tissues,  agree  with  the  cellulur 
processes  uf  the  adeno-c^rcinoma.  Li  papillomata,  on  the  other  hand,  these 
cellular  processes  are  not  present. 

The  adatfhrardnoma  is  to  bo  regjirded  as  a  cellular  variation  of  the  adenoma. 
It  IDAV  develop  from  an  adenoma  by  active  cell  growth,  or  may  aiise  as  a 
primary  adeno-carcinoma.  It  is  the  form  of  carcinoma  which  occurs  most 
frequently.       The    j)rol  if  crating   epithelial    cells   are    arranged    in    branching 


\i>9 


Pin,  420.— C»rcii)oiD»  pluno-ceUuIare  from  Uw  sklu  of  tLv  Wiupl«  lu  a  tiiAti  of  fifty-«ijj;ht, 


X3C. 


columns  or  strands  which,  in  tmnsverse  section,  show  cither  an  alveolar  or  a 
plexiform  airarigement. 

Adeno-carcinoma  ia  distinguished  from  adenoma  by  the  fact  that  the 
epithelial  cell  processes  do  not  show  the  same  relations  to  the  neighbouring 
tissues  as  is  the  case  in  adenomata  and  glands.  In  glands  and  adenomata 
the  boundary  between  the  epithelial  constituents  and  the  adjacent  vascular 
supporting  tissue  is  not  infrequently  formed  by  a  membrana  propria  ;  or  the 
supporting  tissue  and  the  blood-vessels  show  a  typical  arratigement,  adapted  to 
the  epithelial  constituents,  and  mostly  concentric  around  these.  None  of  these 
peculiarities  are  present  in  carcinoma,  and  neither  is  the  special  arrangement  of 
the  protoplasm  of  the  cells  of  the  glands,  the  knowledge  of  which  we  owe 
mainly  to  the  investigations  of  Heidenhain. 
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Cy8t(hcarcinom(i  arises  from  a  cystoma.  It  retains  the  cystic  cavities  of  the 
cyetomata ;  but,  at  the  same  time,  it  also  shows  typical  growths,  resembling 
adeno-carcinoma  in  structure,  which  proceed  from  the  epithelial  lining  of  the 
cysts. 

The  great  majonty  of  carcinonaata  possess,  if  the  above  classification  be 
adopted,  the  stniclure  of  adeno-carcinoma.  The  need  of  a  further  distinction  is 
therefore  felt,  especially  of  one  which  would  allow  us  to  determine  the  various 
degrees  of  malignancy  of  the  tumour  in  individual  cases.  The  shape  of  tb© 
epithelial  cells  offers  a  convenient  criterion  for  this  purpose. 

The  cjircinomata  may  be  divided  broadly  into  squamous  epithelial  cancer, 
round-celled  cancerj  and  cyliudiical-celled  cancer. 
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The  S(]Uiinwus  epithdkd  mneeVt  carcinoma  pUtno-ceUuhre  (epithelioma),  consists  of  i 
an  interstitial  tissue  of  varying  structure,  containing  alveoli  of  varying  %\uB,i 
which  are  filled  \vith  laminated,  scjuamous  epithelium  (Fig.  426).  The  youngori 
cells,  which  resemble  in  stmcture  the  cells  of  the  rct-o  Malpighi  of  the  epidermis, 
lie  at  the  peripheral  part  of  the  contents  of  the  alveoli.  These  are  round  or  m 
longish  cells  which,  under  high  powers,  frequently  appear  as  prickle  cells,  since  I 
their  surface  is  not  fiat  l>ut  finely  toothed  (Fig.  427).  The  columnar  cells  of  ^ 
these  youngest  layers  are  placed,  as  a  rule,  nearly  at  right  angles  to  the  sirrface  of  j 
the  interstitial  tissue  which  borders  them,  in  the  same  manner  as  the  germinal  I 
cells  of  the  rete  Malpighi.  Towards  the  middle  of  the  alveolus  the  celU  ^ 
become  gradually  flattened  and  form  nests  of  cells,  pressed  together  like  the 
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coats  of  an  onion.  The  outermost  colls  contain  nuclei,  but  these  disappear 
as  the  centre  is  approached.  The  innermost  layer  of  these  cells  may  calcify, 
and  thus  produce  the  so-called  cancer  pearls  (cell  nests.  Fig.  427),  or  they 
swell  up  and  become  transformed  into  colloid  masses  (Fig.  253).  It  should  be 
mentioned,  however,  that  in  many  epithelial  cancers  the  flattening  of  the  cells 
and  the  forrmition  of  cell  nests  is  seen  in  a  few  places  only,  and  that  lioth  the 
calcification  and  the  colloid  transformation  may  not  iiifrequetitly  be  alisent. 
Squamous     epithelial    cancers    always    arise    from     stratified     squamous 
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Fig.  42S.— Plexifoim  niiiucnous  epithelioina  of  the  skin  of  the  brow  from  a  woman  of  tixty-seveii,  x  74. 

epithelium  and  ita  derivatives,  by  the  growth  and  invasion  of  adjacent  tiasuea 
and  organs  by  the  epithelial  cells  (Fig.  424).  Cancers  of  the  skin  arise  in  this 
way,  jMUlly  from  the  rete  Malpighi,  and  partly  from  the  bair  follicles  and 
sebaceous  glands.  They  occur  most  frequently  on  the  lower  lip;  but 
carcinomata  of  the  skin  of  other  parts  of  the  face  are  not  rare.  Characteristic 
forms  of  squamous  epithelial  cancer  are  found  in  the  tongue,  oesophagULS,  anus, 
\nilva,  external  orifice  of  the  uterus,  and  the  penis.  In  rare  caaea  squamous 
cpitheliomata  may  develop  from  folHcular  and  neoplastic  atheroma-cysts  and 
from  dermoids,  sometimes  also  from  papillary  warts  and  nfevi. 


diagnosis  tjasy.  Metastases  usually 
first  appear  along  the  l^^mpbatics. 
Tbc  neighlwuring  lymph -glands 
proliferate  and  swell ;  and  sub- 
sequently caijceroua  alveoli,  with 
squamous  epithelium,  are  found 
^rithin  them.  Metastases  along  the 
lines  of  nerves  involved  in  the 
eanceF  growth  are  rarer.  Finally, 
at  a  relatively  lato  stage,  metastases 
by  means  of  the  circulation  may 
occui*,  especially  in  the  Imigs.  There- 
fore, although  the  epithelial  carcin- 
oma is  a  relatively  less  malignant 
neoplasm  as  regards  the  formation 
•      I         irtwrm  -M^m-  t    imir  ■  ■  -"z  r.-      of  raeta8t<H8e8,    it   is,   at  the  same 

^  VEBcSBBtii  \SSkt\  'i  1  a      time,  ditlicult  to  cure^  since,  in  the 

majority  of  cases,  there  are  local 
recun-ences  in  the  scar  after  remov^ 
by  operation. 

The  appearance  presented  by 
squamous  epithelioma  in  the  vari- 
ous organs  will  be  described  with 
their  special  morbid  anatomy.  It 
should  be  mentioned,  however,  that 
great  differences  are  found  with  re- 
gard to  the  character  of  the  alveoli. 
The  usual  form  can  be  seen  in  Fig. 
426.  The  strands  of  epitheliim* 
which  are  really  connected  with 
each  other,  appear  on  section  in  the 
figure  as  irregularly  rounded  foci 
which  are  joined  here  and  there. 
If  these  communications  are  fairly 
numerous  and  the  epithelial  strands 
narrow  (compare  the  magnifications 
of  the  various  figures),  these  appear 
on  microscopic  sections  as  a  plexi- 

^f  ^^jHly' ;  6  3-5      foiTU  arrangement  of  the  strands  of 

^  V^^^SB/  ,   ,^'       I  i.£      epithelial  cells.     Acconling  to  the 

investigations  of  v.  llecklinghaueon 
and  Koster,  this  is  the  case  when 
the  epithelial  cancer  growth  breaks 
into  the  l>Tnph- vessels. 

A  peculiar  form  of  squamoxui 
epithelial  cancer  of  the  skin  is  the 
ulniji  r^i^if'TiJi  (rodent  nhf-r)^  a  small 
ulcer  which  is  sometimes  met  with  on  the  skin  nf  the  face,  especially  in  the 
neighboiu-hood  of  the  eyelids.    This  ulcer  is  peculiar,  inasmuch  as  it  spreads  at  1 
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one  part  of  its  periphery,  while  other  parts  cii'Jitrise  and  again  l>ecome  covered 
M'ith  epithelium.  The  ulcer  eitreads  iiTegularly.  Microscopic  examination 
shows,  however,  that  it  is  a  sui>et*ticiiil  curciiioma  of  the  skin  which,  in  its  pro- 
gressj  first  ulcerates  and  then  cicatrises  (Fig.  429).  It  is,  relatively,  the  least 
malignant  form  of  carcinoma. 

The  round-cdkd  carr.mmui  {carcinoma  gloho-cellulare)  contains  in  its  alveoli  cells 
which  are  either  exclusively  round,  or  as  a  rule,  rendered  polyho<lral  by  mutual 
pressure.  The  general  character  of  these  cells  may  he  termed  uodiamdric^ 
aineo  all  diameters  of  individual  cells  are  approxiraatelj  alike. 

Histogcnetically  these  tumours  art.se  from  glands  and  glandular  tumours 
which,  like  the  mamma,  the  saliviii-y  glands,  and  the  liver,  are  provided  with 
isodiametric  epithelium ;  and,  secondly,  from  cylindrical  epithelium  of  mucous 
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Fia.  430.— MoUullAry  krg«-«lreolAr  lOuaU'Colloil  cwcluoma  of  tbo  miunm«  tnvmllog  the  Aitty  Usaue  rouiiJ 

aboutlt,  xll7. 

membranea  and  glands.  In  this  second  case,  when  the  cylindrical  epithelium 
of  the  stomach  and  intestinal  canal  gives  rise  to  a  round-celled  cancer,  wo  may 
term  it  a  metaplasia  of  epithelium.  This  represents  at  the  same  time,  however, 
an  arrest  of  the  epithelial  neoplasm  at  a  lower  stage  of  development,  in  which  it 
does  not  possess  the  specific  peculiarities  in  form  of  the  completely  developed 
epithelium.  Those  round-celled  aircinomatji  which  only  imperfectly  repeat  the 
type  of  epithelial  stmctiu*e  which  prevails  in  the  part  from  which  they  are 
formed,  are  usually  distinguished  by  a  high  degi-ee  of  malignancy. 

The  round-celled  carcinoma  may  be  divided  into  large-alveolar  and  amall- 
alveolar  forms. 

The  large-alvfolar  round-celUd  carciiwma  shows,  on  transverse  section  of  the 
alveoli,  a  large  number  of  epithelial  cells,  often  many  hundreds.  The  individiiid 
epithelial  cells  are  frequently  so  closely  pressed  against  each  other  that  the  out- 
tinea  of  the  cells  are  difficult  to  recognise  (Fig.  430),  or  can  only  be  seen  in  very 
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fine  sections,  especially  when  the  cells  are  somewhat  shrunken  by  embedding  in 
paraffin.  It  occurs  in  three  fomis — the  medullary,  the  scirrhotis,  and  gela- 
tinous carcinoma.  The  medullanj  forrn^  which  rcsombles  brain  substance  (Fig. 
430),  is  distinguished  by  rapid  growth.  Between  the  growing  masses  of  epi- 
thelium  there  are  relatively  small  processes  which  mostly  consist  of  connective 
tissue.  'I'his  represents  the  stroma  of  the  part,  which  is  only  slightly  pro- 
liferated, and  is  in  some  i)laces  infiltrated  with  small  cells.  Into  it  the  epi- 
thelial cells  penetrate.  If  the  proliferation  of  the  original  tissue  is  greater,  the 
scirrhous  variety  is  formed,  the  large-alveolar  scirrlms  (Fig,  431).     In  this  caSB 
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Fkj.  431.— Large.»lv«olAr  scirrhos  of  th«  tn*iuiii*,  x  88. 


the  growth  of  the  connective  tissue  takes  place  subsequent  to  the  newformAtion 
cif  epithelium.  A  small  ix)rtion  of  the  margin  of  the  tumour  consists  of  soft 
medullary  cancer,  while  its  main  central  portion  is  scirrhous.  In  conseqaene* 
of  the  cicatricial  contraction  of  the  newly-formed  connective  tissue  the  alreoU 
in  the  scirrhous  part  are  usually  smaller  than  those  in  the  medullary 
In  other  cases  the  large-alveolar  scirrhus  develops  directly  without  pAMiOj 
through  the  medullary  stage,  fi.g.  when  an  adenoma  of  the  mamma  which  con- 
tains much  connective  tissue  is  transformed  into  a  large-alveolar  scirrbua.  I 
have  proved  to  my  own  satisfaction  that  very  many  carcinomata  of  the  mamma 
develop  from  adeno-fibromata,  and  these  carcinomata  may  appear  indifferently 
as  small-alveolar  or  large-alveolar,  as  medullary  or  as  scirrhous,  and  geLatinoQa 
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growths.  Scirrbus  is  distinguished,  however,  by  its  slow  growth  and  by  the 
relatively  late  period  at  which  metastases  appear.  The  growth  of  the  scirrhus 
is  80  very  slow  under  certain  circumstances  that  the  primary  tumour,  when  situ- 
ated in  a  large  organ— a  breast  with  much  fatty  tissue,  for  instance — may  not  be 
observed  during  life  until  there  is  distinct  enlargement  of  the  glanda  of  the  axilla. 
This  is  not  usual,  however.  As  a  rule,  the  swelling  of  the  glands  in  the  axilla 
does  not  appear  until  some  time  after  the  carcinoma  in  the  breast  is  evident. 

The  gelatimms  (colloid)  form  of  the  large-alveolar  round-celled  carcinoma 
generally  develops  from  the  medullary  form.  The  contents  of  the  alveoli,  and, 
under  certain  circumstances,  the  connective  tissue  stroma  also,  undergo  myxo- 
matous degeneration,  and  are  tmnsformed  into  a  soft,  glassy,  transparent  sub- 
stance. The  gelatinous  round-celled  carcinoma  is  regarded,  as  a  rule,  as  a 
slowly -growing  tumour,  in  which  the  development  of  metastasis  is  late.  In 
this  respect  it  differs  considerably  from  the  gelatinous  round-celled  carcinoma 
found  in  the  stomach  and  intestines. 

The  s}tmU-nlirj)lar  roHnd-cdkd  curcinoma  on  transverse  section  shows  alveoli, 
«iich  of  which  contains  only  a  few  cells,  usually  from  two  to  ten.  It  also  occurs 
in  three  forms — meJullarif,  ticbrhom,  and  gelatmaus  (colloid).  In  many  cases, 
especially  when  in  the  mamma,  it  arises  from  an  autonomous  growth  of  isodia- 
metric  glandular  epithelium.  It  may  appear  in  this  situation  as  a  soft  medullary 
growth,  and  afterwards  become  transformed  into  a  scirrhous  or  gelatinous 
tumour.  Not  infrequently  it  develops  from  an  adeno-fibroma  of  the  mamma, 
and,  in  this  case,  has  the  character  of  a  Bcirrhus  from  the  first  (Fig.  423).  This 
is  not  a  necessary  result,  however.  Many  of  the  email- alveolar  carcinomata 
developed  from  fibro-adenoma  of  the  mamma  are  soft  medullary  tumours  to 
begin  with,  and  may  continue  so.  The  small-alveoitu'  carcinomata  which  con- 
sist of  isodiametric  glandular  epithelial  cells  and  are  specially  common  in  the 
mamma,  are  relatively  malignant  tumours.  Like  other  carcinomata  they  extend 
to  the  muscles,  pleura,  and  lungs,  the  subcutaneous  tissue  and  skin,  if  they  have 
existed  any  length  of  time.  They  may  spread  over  large  areas  of  the  trunk 
and  neck  and  so  form  a  diffuse^  hmd^  sfctmdmt/  aweer  of  the  sldn,  or  the  so-called 
mih^er  €71  cuirassc.  The  diffuse  secondary  cancer  of  the  skin  is  due  to  the  local 
metastases  of  carcinoma  of  the  mamma,  which  appear  as  flat,  circumscribed 
thickenings  of  the  corium  and  extend  over  the  skin  of  the  breast  and  abdomen. 
The  epidermis  which  covers  these  tumours  sometimes  shows  no  change  what- 
ever. The  flat  tumours,  which  measure  about  |  to  4  cm.  on  their  surface, 
appear  under  the  microscope  as  a  dense  infiltration  of  the  connective  tissue 
spaces  of  the  corium  by  epithelial  cells.  The  corresponding  infiltration  of  the 
wide  spaces  of  the  subcutaneous  cellular  tissue  with  cancerous  substance  gives 
rise,  on  the  other  hand,  to  a  rigid  growth  over  the  greater  part  of  the  trunk 
and  neck,  which  has  been  compared  to  a  cuirass  by  French  writers. 

A  great  number  of  the  small -alveolar  round-celled  carcinomata  are  formed 
by  an  autonomous  growth  of  the  tubular  glands  of  the  gastric  mucous  membrane 
(Fig.  432).  These  tumours  are  very  malignant  and  very  frequently  undergo 
myxomatous  degeneration  (Fig.  433),  the  contents  of  the  alveoli  and  the  sup- 
porting tissue  being  both  transformed  into  a  gla-ssy  substance  containing  much 
mucin.  In  this  case,  however^  the  gelatinous  form  is  by  far  the  more  malignant, 
Im  is  shown  by  its  rapid  extension  to  the  peritoneum,  and  to  other  organs  both 
"near  and  remote,  such  as  the  intestine,  the  ovaries,  and  the  uterus. 

From  these  general  statements  the  highly  malignant  nature  of  the  round- 
celled  carcinomata  will  at  once  be  seen.  They  are  generally  the  most  malignant 
form  of  cancer  and  have  a  great  tendency  to  break  down  and  ulcerate.     They 
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tumours  very  frequently  cause  the  grave  general  disturbance  of  nutrition 
known  as  cachexia,  which  is  chiefly  due  to  tho  absorjrtion  of  poisonous  products 
of  disintegration  formed  on  the  ulcerated  surface.  It  seems,  also,  that  growing 
cancerous  tissue  can  itself  produce  poisonous  substances  which  give  rise  to 
cachexia,  wth  or  without  the  presence  of  retrogressive  changes.  This  is  more 
specially  true  of  the  cases  in  which  cancerous  cachexia  is  produced  by  a  non- 
ulcerating  tumour.  Cancerous  cachexia  is,  however,  really  a  combination  of 
the   symptoms  of  chronic  leucocytosis  (see   p.   2i'>J))  and  oligocytha'niia,  and 
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Fto.  4S-i, — C'ylindricnlMieUed  eancerof  the  rectum.  Bection  tAkcn  frtnn  the  subniucosn.  n,  Young,  »oli"l  epitVielial 
outgrowOm  ;  h.  alveoUia  with  &  tiiiigle  luy<.T  uf  cylindrical  «pitla-lial  celltt  and  uuel<«i ;  c,  alvcoliu  with  a  nhigle 
layer  of  uylludrical  eplthdium  flhawing  more  ihao  one  layer  of  nuclei ;  d,  alveolus  whoM  epitlielial  covering 
is  portly  seen  un  the  tlat.     xl63. 

of  atrophic  and  degenerative  diseases  of  the  liver,  kidney,  heart,  and  other 
organs. 

Tlie  cijlindnculcdled  carcinoma  {carcinoma  cyliitdro-celluiare)  develops  from  the 
epithelium  of  mucous  membranes,  from  glands,  and  from  organoid  tumours 
which  contain  cylindrical  epithelium. 

It  is  most  common,  therefore,  in  tbe  walls  of  the  stomach  and  intestine,  but 
is  sometimes  found  on  the  tongue  also,  where  it  proceeds  from  Bochdaleck's 
tubules,  and  in  other  situations.  The  alveoli  in  a  typical,  cylindrical-celled  car- 
cinoma are  lined  by  cylinder  cells  and  enclose  a  central  cavity  containing  fluid 
and  shed  disintegrating  epithelium  (Fig.  434).     Among  the  cylindrical  cells 
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lining  the  alveoli  some  goblet  cells  are  aomefcimea  found  (Fig.  255,  p,  391),  tk 
mucoid  contents  of  which  are  mixed  with  the  fluid  contents  of  the  alveoli     Th 
cylindrical  epithelium  ia  sometimes  only  in  one  layer,  the  cells  extending  fron 
the  wall  to  the  inner  free  surface  of  the  alveolus.     As  a  rule,  the  nucleus  of 
cellj  and  therefore  the  swelling  of  the  cell  which  it  produces,  are  placed  at  va 
ing  levels  in  the  ditferent  cells  (Fig.  434,  r).     In  other  cases  the  cyUndric 
cells  lining  the  alveoli  are  in  several  layers.     It  will  be  noted  that  the  shape 
of  the  epithelial  cells  is  very  perfect,  although  they  do  not,  as  a  rule,  possess  &U 
the  special  characteristics  of  the  j^rotective  and  glandular  epithelium  of  the 
organs  and  organoid  tumours  from  which  the  carcinoma  was  developed.     Grouj; 
of  epithelial  round  cells  are  found  in  tlie  smaller  alveoli  of  such  tumours^,  au 
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Fiu,  4^.— Development  of  ii  cf  lindrlcml-celled  auclnoinA  in  tbe  margin  of  •  liTg«  eancenjo*  uicr  r. 
m,  m,  Mnscalarla  muccMitb  furtuirig  Ibe  bouudAry  bettreeu  tnucoAK  &od  sttlunuocMk.    x£. 

J^  represent  early  stages  of  the  cylindricid  cells.     On  closer  investigation  they 
found  to  bo  solid  buds  from  the  cylindrical  epithelium  lining  the  waUs  of 
alveoli.     They  are  early  stages  in  the  development  of  tlie  tumours,  and 
present  in  very  varying  amount     When  present  in  great  numbers,  the  tumou 
is  called  the  carcinoma  ffMKHylindro-i'cUuIare — a  transition  form  between 
cylinder-celled  carcinoma  and  the  round-celled  carcinoma  which  proceeds 
protecting  cylindrical  epithelium. 

The  comparatively  advanced  development  of   tlie  epithelial  cells  in 
cylindrical-celled  carcinoma  corresponds,  as  a  rule,  to  its  somewhat  slow  gro^ 
and  its  comparatively  slight  malignancy.     In  many  cases  this  is  further  modifie 
by  the  presence  of  a  large  quantity  of  granulation  or  cicatricial  tissue  roun 
about  the  epithelial  cell  processes,  which  tends  to  retard  the  epithelial  growl< 
in    its    neighbourhood.     The    comparatively   complete    development   of    tb 
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epithelial  cells  in  this  tumour  sometimes  rendera  it  ilitlicult  to  distinguish  it 
from  benign  adenomatous  growths. 

It  is  therefore  desirable,  for  the  sake  of  differential  diagnosis,  to  point  out 
certain  features  which  distinguish  theae  tumours  from  adenomata.  The  external 
characteristics  give  some  such  indications,  since  the  cylindrical-celled  carcino- 
mata  usually  ulcerate  early,  whereas  this  is  leas  common  in  adenomata.  The 
most  ilistinct  evidence  of  the  malignant  nature  of  the  cylindrical-celled  car- 
cinoraata  is  the  fact  that  tire  processes  of  epithelial  cells  invade  areas  which 
liave  no  epithelium  under  normal  conditions.  The  adenoma  of  the  rectum^  for 
instance  (Fig.  302,  p.  567),  consists  of  ducts  lined  by  cylindrical  epithelium, 
which  may  have  a  certain  resemblance  to  the  growing  processes  of  the  cylin- 
drical epithelial  cancer.  The  cylindrical-celled  adenoma  of  the  rectum  does  not 
pass  beyond  the  mucosa,  however,  as  may  easily  be  seen  under  the  microscope. 


m'. 


.<j; 


"fm: 


Wi 


U^A 


ri 


pT'-t 


.?hZS^ 


VV>7 


L 


.  v'^'^'i 


Fro.  43il.— Hyaline  degsDented  round -celled  c&rclBonui  uf  tbo  macotu  OMtiibniie  of  the  antrum  of 

Higluiioro,  x72. 

It  lies  altogether  above  the  muscularis  mucosje.  The  cell  processes  in  the 
cylindrical-celled  cancer,  on  the  other  hand,  soon  pass  into  the  mucosa  and  the 
muscular  coat  of  the  intestine,  and,  as  a  rule,  into  the  neighbouring  soft  pjirta 
also  (B'ig.  435).  Besides  this,  the  epithelium  of  the  cylindrical-celled  adenomata 
of  the  rectum  resembles  the  epithelium  of  Lieberkiihn's  glands  in  the  formation 
of  numerous  goblet  cells.  In  the  cylindrical-colled  carcinoma  there  are  very 
few  as  a  nde.  If  they  are  numerous,  large  portions  of  the  tumour  become 
transformed  into  myxomatous  tissue  and  the  gelatinous  variety  of  the  tumour 
is  formed,  the  carcinoma  ct/Hjuiro-reihlare  ffelatinosum,  which  may  easily  be  dis- 
tinguished from  adenoma  by  the  extensive  ulceration  and  great  destruction  of 
tissue  which  it  produces. 

The  three  chief  varieties  of  carcinoma  just  described,  the  carcinoma  plano- 
cellulare,  globo-cellulare,  and  cylindro-cellulare,  include  all  the  cellular 
epithelial  tumours  which  occur.     Only  three  shapes  are  posaiblej  indeed,  as 
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regards  the  appearance  of  the  epithelial  cells.  They  may  be  isodiamctric 
structures,  as  in  round-celled  carcinoma,  or  tlat  colls  with  one  short  and  two 
long  diameters,  as  in  si^naraous  epithelial  cancer,  or  finally,  thoy  may  be  cylin- 
drical, with  one  long  and  two  short  diameters,  as  in  cylindrical-celled  carcinoma. 
The  various  changes  which  these  epithelial  cell  growths  undergo  have  been 
discussed. 

All  that  remains  to  be  mentioned  now  is  that  in  many  cases  hyaline  spheres 
and  cylinders  are  present  in  the  carcinomatous  epithelial  growths  and  may  give— 
the  tumour  an  unusual  appearance  (Fig,  436).     Some  of  these  tumours  havafl 
been  described  under  the  name  of  Cylindroma,  already  mentioned  under  Adenoma 
and  Sarcoma. 

This  account  of  the  cellular  tumours  requires,  finally,  a  few  woixls  of  CX' 
planation.  Virchow,  whose  wide  researches  have  been  the  foundation  for  ti< 
present  teaching  as  regards  tumours,  made  a  general  division  Ijctwecn  rumnorma^ 
which  evidently  arises  from  connective  tissue,  and  eamroid,  which  arises  bj 
proliferation  of  carcinomatous  tumours  formed  from  epithelium.  Both  cap 
cinoma  and  cancroid  are  alveolar  tumours  contiiining  epithelial  cells  in  thi 
alveoli. 

This  opinion  presupposes  that  it  is  possible  that,  under  certain  circumstances, 
connective  tissue  cells  may  become  epithelial  cells.  It  cannot  be  said  that  thii 
possibility  is  excluded  by  the  investigjitions  in  developmental  and  comparative! 
histolugy.  In  the  human  lK>dy  after  birth,  however,  the  division  l>etweeo 
ejiitheliuui  aiid  connective  tissue  seems  to  be  more  hard  and  fast,  although  somi 
difficult  problems  will  meet  us  in  stmlying  special  pathological  anatomy.  It 
therefore  necessjiry  that  we  should  titkc  a  glance  backward  and  once  m^ 
examine  the  ground  gone  over. 

It  w\]\  then  be  .seen  that  the  connective  tissue  cancer  of  Virchow  reappears 
in  the  above  account  in  tljc  various  forms  of  alveolar  sarcoma,  ungio-sarcoma 
and  melanotic  sarcoma,  forms  which  were  first  divided  from  carcinoma  by  J< 
Arnold  and  Billroth  because  of  their  histological  origin.     These  tumours 
often  alveolar  in  structure,  and  cells  are  found  in  the  alveoli  which  it  is  difficul 
or  impossible  to  distinguish  from  epithelium,  even  when  a  carefid  microscopi 
examination  is  made.     I   have  described  these  tumours  as  sarcomata,  beca 
the  fact  that  the  alveolar  structure  generally  disjippears  at  some  points  a: 
gives    place    to   a  simple  sarcoma  structULC  determined  the  question.     The 
formation  from  connective  tissue  cells  may  be  regarded  as  certain,  and  we 
therefore  justified  in  comparing  their  cells  to  Waldeyer's  phiama  celb  of  th" 
connective  tissue,   and  regarding  the  tumour  as  a  cellular  variation  of 
connective  tissue  tumoui's. 

Virchow's  cancroid,  on  the  other  hand,  will  be  found  among  the  large-alveol 
flat,  round,  or  cy Under-celled  oarcinomatii.     Their  develoi)ment  from  epitheli 
cell  processes  was  recognised  by  Virchow.     Thiersch  and  Waldeyer  have  sho' 
however,  that  many  timuours  slightly  differing  from  cancroid  are   of  sim: 
origin,  and  Hiuiser  has  recently  demonstrated  this  in  regard  to  the  snaall-alveol 
carcinoma  of  the  digestive  tract     I  can  confinii  this  on  the  strength  of  vi 
extensive  researches.     I  believe  that  these  facts  justify  the  chief  distinctioi 
drawFj  between  cellular  variations  of  the  epithelial  and  the  non-epithelial  forms 
of  tumour,  between  the  carcinomata  which  develop  from  epithelium,  and 
sarcomata  which  develop  from  the  other  forms  of  tissue. 
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CHAPTER    XII 


GENERAL   DISEASES 


General    diseases    are    those   imthological    chHnge«    iii    the    structure 
function  of  the  human  body  which  afltjct  all  its[)arts  more  or  less  severely.     In 
most  cases  they  are  the  result  of  iirinLuy  local  diseases  of  single  orgjinB. 
other  cases  the  disease  is  general  in  its  character  from  the  beginning,  Imt 
specially  affect  individual  organs.     It  is  in  this  way  that  the  sccondaiy  disc- 
of  organs,  which,  under  certain  circumstances,  resemble  the  primary  local  diseases, 
are  developed-     Numerous  proofs  of  these  statements  have  \tecn  seen  in  dis- 
cussing tmuraa,  intoxications,  and  infections,  and  also  in  the  description  of  ll 
autonomous,  tumour-like  new  formations. 

If  a  general  disease  is  defined  as  a  pathological  condition  which  affectsi  a. 
parts  of  the  body,  it  is  thus  eqiuvalent  to  the  sum  of  the  diseases  of  the  indi\id 
organs  which  combine  to  foim  it.  The  mutual  relations  of  the  various  orgai 
in  man  and  their  dependence  upon  circulation  and  innervation,  as  well  as  upo] 
the  special  cruises  of  each  disease,  tleterminc  the  \'arious  forms  of  these  grou; 
of  combined  diseases  of  the  organs.  This  is  really  an  importtnt  part 
special  clinical  pathology,  but  must  be  briefly  touched  upon  here,  l:»ecause  th( 
diiseases  of  the  organs  which  go  to  make  up  general  disease  are  also  the  ob} 
of  pathological  and  anatomical  investigation. 

Acute  disease  is  the  tcnn  applied  to  those  forms  which  run  a  very  ab 
course.     This  course  may  be  only  a  few  minutes  under  certain  circumsl 
but  other  acute  disea.ses  are  more  protracted  and  may  sometimes  last 
eight  weeks.     Obviously  the  acuk  geneml  disease.^  may  be  similarly  cbi 
according  to  their  duration.     They  may  be  dinded  into  pyrcxial  and  apy 
forms. 

Fever  (pyrexia)  is  a  general  distinlmnce  of  metabolism  which  characte; 
many  acute  infections,  Init  is  also  present  in  a  few  of  the  intoxications. 
most  important  symptom   is   the   me   in   tlu:   temjicraturf  of  the    fxuhj. 
siwface    temperature    in    man    shows    considerable    variation    normally, 
within  the  body,  under  normal  circumstanres,  it  only  varies  to  a   very  sli 
degree.     In  the  i-ectum  of  a  healthy  person  in  the  middle  of  the  day  it  a- 
approximately  37'2°  C.  (99°  F.)  (Jtirgeneen) ;  in  the  axilla  it  is  0'r~0- 
(usually  0-2^  C.)  lower  (Zicmssen  and  Krabler),  therefore  about  36-9"  C.     Thi 
are  avemges  which   have   been  obtained  in  a  great  number   of   observati' 
made  during  both  day  and  night.     The  following  tabic,  compiled  by  Jiirgensen 
and  Lieberaieistor,  gives  the  normal  temperature  at  each  hoiu*  of  the  da 
follows : — 
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Kumnkl  Tompentiuc. 


In  the  morcing  in  bed  .... 

Before  break  fast 

After  breakfast      ..... 

In  tlie  forenoon 

Be  for©  lunch  ..... 

After  lunch   ,-.... 

In  the  afternoon 

Before  dinner 

After  dinner 

Before  going  to  bed       .... 

Daring  tlie  oigBt  .        .        .        .        A 


In  the  Rectum  (J  Llrgenwn).  Intbfl  Axilla  (LiebeniMLrtfir). 


F. 

(M  ) 
(98-18) 
(98-36) 
(98-8  ) 
(99-18) 
(99-36) 
(99-5  ) 
(9&7  ) 
(9»-36) 
(98-8  ) 
(98-7  ) 
(98-36) 
(98-36) 


(97 -S  ) 
(98  ) 
(98-7  ) 
(99-18) 
(99  ) 
(99 -IS) 
(99*36) 
(99  ) 
(98-8  ) 
(98-36) 
(98  ) 
(97-18) 
(97-18) 


According  to  this  table  the  temperature  shows  regular  daily  variations  amount- 
ing to  aljout  1**  C.  The  minimum  is  seen  to  ho  reached  in  the  early  morning 
hours,  the  maximum  al>out  five  o'clock  in  the  afternoon. 

Even  in  ancient  medicine  physicians  harl  accei)ted  heat  as  a  symptom  patho- 
gnomonic of  fever.  Nevertheless,  it  wits  not  until  the  thermometer  bad  been 
invented  and  improved  by  Galileo,  the  Accademia  del  Cimento,  Carlo  Rcnaldini, 
and  Fahrenheit  (in  Danzig),  that  Boerba4ive  was  able  to  ronko  use  of  it  in  the 
study  of  fever,  and  thus  to  ky  the  foundations  of  a  great  number  of  impojlant 
investigations,  of  which  those  of  Breschet  and  Becquerel,  Gierse,  Zimmermann, 
Traube,  Rircnsprung,  Wundcrlich,  Leibermcister,  Wachamuth,  Ackermann, 
Naunyn,  Senator,  Leyden,  Wintcrnitz  and  Kiegel  must  be  specially  mentioned. 

These  researches  not  only  show  that  the  fever  is  accompanied  by  a  rise  of 
the  temperatui-e  of  the  body,  but  also  that  the  course  of  the  temperature  curve 
miinifests  most  important  characteriBtic  and  diagnostic  peculiarities  in  each 
individual  form  of  fever.  These  authors  finally  arrived  at  the  conclusion 
drawn  from  the  works  of  Helmholtz,  that  t\i&  pijrexial  lise  of  temperahtrc  is  diie  to 
an  increMsed  prwlucimi  of  hmt.  Corresponding  to  this  there  is  an  iiKreoiie.  of  the 
niiwgcjwm  mdaholk  pwduch  cxcrcloi  in  the  urinr^  avd  an  tJicrea^ir.  in  the  muonnt  of 
cnrbonir  arid  (fiven  off\  Along  with  the  increased  production  of  heat  there  is  a 
variation  in  the  amount  of  heat  given  off.  In  the  early  stages  of  fever,  as  a 
rule,  so  long  as  the  temperature  ^vithin  the  body  is  rising,  that  of  the  surface 
of  the  body  is  sub-normal  and  the  vessels  are  contracted.  The  akin  produces 
only  a  small  amount  of  heat,  so  that  the  warmth  of  its  surface  depends  mainly 
upon  the  amount  of  heat  brought  to  it  from  the  warmer  internal  parts  of  the 
body.  If  the  vessels  of  the  skin  contract,  the  quantity  of  blood  which  Hows 
through  them  in  a  given  time  is  diminished  ;  the  amoutit  of  heat  given  off  from 
the  skin  is  in  excess  of  thjit  brought  to  it.  The  skin  becomes  cooler,  and  less 
heat  is  now  given  off  from  it  than  before. 

The  diminution  in  the  amount  of  he<it  given  off,  combined  with  the  increased 
production,  causes  the  rise  of  temperatui-e  within  the  body.  This  rise  maj'  be 
alow  and  gi-adual,  in  which  case  the  skin  only  shows  slight  changes,  as  a  rule, 
and,  apart  from  slight  chilliness,  the  patient  perceives  no  striking  subjective 
change  in  temperature.  If  the  contraction  of  the  cutaneous  vessels  is  more 
marked,  the  sensation  of  chilliness  is  more  distinct,  or  there  m.ay  even  be  a 
irigror.     The  patient  shivers  so  violently  with  cold  sometimes  that  the  trunk 
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and  limijs  shake  all  over,  and  the  t«eth  chatter.  The  skin  is  pale  and  cold* 
and  the  goose-skin  condition  is  produced  by  the  contraction  of  the  musculi 
arrectorcs  pilorura.  The  patient  feels  oxceodingly  cold^  while  the  temijerature 
in  the  interior  of  the  body  may  be  raised  to  40'^^  C.  (104"  F.)  or  higher. 

As  a  rule,  in  a  pyrexial  riijonr  there  is  a  rapid  rise  of  temperature  within 
the  body.  In  collapse,  however,  after  profuse  hjemorrhage  for  instance,  rigors 
also  occur,  during  which  the  tcraporature  within  the  body  falls. 

When  the  pyrexia  is  at  it8  height  the  contraction  of  the  ve-ssels  of  the  sldn 
yields,  the  skin  becomes  hotter  than  nonnal,  bnt  is  dry  at  first  (fever-heat). 
In  this  condition  the  amount  of  heat  given  of!'  by  the  skin  is  greater  than 
normal.  Notwithstanding  this,  the  temperature  within  the  b«xly  remains 
high,  from  which  it  may  be  concluded  that  there  is  an  increased  production  of 
heat.  The  height  of  the  temperature  varies,  however.  In  slight  pyrexia  the 
mean  is  39""  C.  (102-2°  F.),  corresponding  to  a  morning  temperature  of  38 '5'*  C. 
(nearly  101''  F.),  and  an  evening  temperature  of  39-5''  C.  (about  103"  F.)  In 
severe  pyrexia  these  limits  are  exceeded ;  and  temperatures  above  'tS''  C. 
(lOT'G*'  F.)  are  called  excessive  or  hi/jjer-pffn'xkiL  The  highest  temperature 
observed  by  Wunderlich  was  44r5''  C.  in  a  case  of  tetanus,  but  even  the  height 
of  42*5°  C.  is  extremely  seldom  reached. 

"When  the  fever  has  existed  for  a  varying  time^  the  temperature  falls  again, 
slowly  or  j-apidly.  In  the  latter  case  remarkable  phenomena  are  again  mani- 
fested by  the  skin.  It  becomes  moist,  or  thei-e  may  even  be  considerable 
secretion  of  sweat.  The  evaporation  of  the  fluid  secreted  absorbs  a  large 
amount  of  heat  and  hastens  the  fall  of  tomperature. 

The  symptoms  characteristic  of  fever  include  other  pheTiomena  besides  the 
rise  of  temperature.  There  are  malaise,  discomfort^  headache,  thirst,  rapid  ptdse 
and  respmatiou,  and  decrease  of  glandular  secretion,  especially  of  the  amount 
of  urine  j^assed  in  the  twenty-four  hours.  There  are  id&o  disturimnce  of 
digestion,  loss  of  weight,  etc.  The  disturbance  of  digestion  affects  many  parts. 
The  appetite  goes  first,  and  there  is  greut  thirst.  The  secretion  of  the  salivary 
glands  then  becomes  scanty  and  inadefpiate,  and  the  digestive  power  of  the 
whole  alimentfu*y  tract  becomes  similarly  disturbed.  Absorption  of  the  con- 
tents of  the  stomach  and  intestines  seems  to  be  rendered  difficult. 

If  we  seek  to  find  the  etiological  connection  between  these  phenomena  of 
fever,  we  must  first  consider  the  infections  and  those  few  intoxications  which 
cause  them.  The  pathogenic  microbes  by  their  metabolism  produce  poisonoiis 
substances  which  can  be  isolated,  and  which,  when  injected  into  the  blood, 
cause  fever. 

It  ia  also  possible  that  many  of  the  substances  produced  by  the  metabolism 
of  the  human  Ijody  develop  similar  actions.  There  are  also  some  poisonoos 
bodies,  not  derived  from  microbes,  which  give  rise  to  fever,  such  as  pbosphonis, 
cocaine,  and  others.  It  may  be  suppcjsed,  therefore,  that  in  the  natural  course 
of  infections  and  intoxications,  also,  the  metabolic  products  of  the  micnDbes  and 
other  poisons  cause  the  fever.  When  they  have  obtaine<l  access  to  the  blood, 
they  give  rise  to  a  general  disturbance  of  metabolism,  which  is  manifested  by 
the  series  of  symptoms  described  above.  In  particular,  it  must  be  ajsstuned 
with  regard  to  the  pyrexial  rise  of  temperature,  that  the  poisons  present  in  the 
blood  exert  a  disturbing  influence  on  the  nervous  mechanism  in  the  central 
nervous  system  which  reg\dat^s  the  production  and  the  loss  of  beat.  The 
regulation  of  the  heat  given  off  by  the  skin  is,  as  already  described,  effected 
by  the  nerves  of  the  vessels.  The  loss  of  heat  through  the  breath  is  also 
controlled  by  a  mechanism  which  acta  on  the  frerpiency  and  depth  of  the 
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respirations.  The  regulation  of  the  production  of  heat  is  more  difficult  to 
explain.  Experimentfi  on  animals  and  observations  on  htiman  beings  who 
were  immersed  in  cold  water  prove,  however,  that  ihe  fiidudimi  of  halt  alimys 
a(inpt$  itself  wUhin  cMain  limits  to  tftc  ^o.fs  of  hmt,  and,  therefore,  that  a  regulation 
of  the  heat  production  actually  exists  (Liehermeister). 

This  regulating  mechanism  13  so  modified  by  the  action  of  infections  and 
poisons  which  pi-orluce  fever,  that  a  gi'cater  amount  of  heat  ia  produced.  The 
general  disturbance  of  metabolism  due  to  the  poisons  which  cause  pyrexia  also 
manifests  itself  as  histological  changes  in  those  organs  which  are  chiefly 
attacked  by  general  poisons,  in  those  which  are  chiefly  susceptible  to  rises  in 
the  tempeniture  of  the  body,  and  lastly,  in  those  which  must  ho  regarded  as 
the  most  important  soiwce  of  the  heat  of  the  body. 

Every  organ  produces  heat  by  its  metabolisfm.  The  main  sources,  however, 
are  the  heart,  the  muscles,  and  the  large  abdominal  organs.  The  heart  during 
its  contraction  produces  he^it  and  mechanical  work,  as  does  every  muscle  which 
is  performing  work.  The  heat  formed  directly  by  the  heart's  contraction  ia 
partly  conducted  into  the  surrounding  parts,  and  partly  taken  up  by  the 
blood  within  the  capillaries  of  the  heart  and  carried  away.  In  addition,  the 
mechanicjil  work  of  the  heart  h  completely  transformed  into  heat  by  friction 
against  the  walls  of  the  vessels  and  by  internal  friction  within  the  blood-stream. 
In  man  all  the  muscles  also  generate  heat  by  their  action.  In  this  connection 
it  will  be  remembered  that  the  muscles  of  respiration,  as  well  as  the  heart, 
carry  on  their  work  vmceasitigly.  Lastly,  the  beat  produced  by  the  liver  is  by 
no  means  inconsiderable. 

The  increased  production  of  heat  during  fever,  however,  occurs  at  the  same 
time  as  the  disturbance  of  the  assimilation,  digestion,  and  absorption  of  food. 
This  causes  a  disturbance  of  metabolism  which  is  manifested  not  only  by  the 
occurrence  of  abnormal  products  of  metabolism,  but  also  by  a  breaking  down  of 
the  "  organic  '*  albumen.  Those  organs  which  produce  an  abnormal  amount  of 
hc^it  in  spite  of  the  insufficient  supply  of  nutriment  are  mainly  attected  by  this 
disintegration.  Histologically  the  phenomena  of  albiuninous  and  fatty  degener- 
ation in  the  be&rt,  the  kidneys,  and  the  liver  are  specially  noticeable.  Other 
organs  are  alao  affected^  some  of  them  in  a  manner  which  shows  that  the 
disturbance  is  really  general  Among  these  we  may  mention  the  disturbance 
of  the  cerebral  functions,  such  as  confusion,  headache,  and  the  post-febrile 
mental  derangements.  Falling  out  of  the  hair  and  abnormalities  in  the 
growth  of  the  nails  of  the  fingers  and  toes  also  usually  appear,  though^  it  is 
true,  some  little  time  after  the  pyrexia  has  run  its  course.  The  degenerations 
of  the  tissues  which  form  parenchyma,  such  as  the  heart,  the  liver,  the 
kidneys,  etc.,  are  also  partly  due  to  the  disturbances  prcKluced  by  the  high 
temperature,  and  are  partly  the  direct  action  of  the  poisons  circulating  in  the 
blood  which  tiave  caused  the  fever.  It  cannot  bo  surprising,  therefore,  that 
similar  degenerations  occur  as  a  result  of  the  simple  action  of  the  poison  in 
non-febrile  acute  diseases,  in  cholera  for  instance,  and  in  poisoning  with  various 
inorganic  and  organic  chemical  substances. 

Tlie  distinction  between  fel»rile  and  non-febrile  general  diseases  is  of  great 
practical  importance  in  medicine. 

There  are  some  authors,  however,  who  strongly  object  to  this  conception  of 
fever.  In  my  opinion,  the  demonstration  of  the  series  of  symptoms  which  we 
call  fever  allows  us  to  conclude  that  fever  ia  a  general  disease,  a  fact  which  is 
of  great  importance.  Cholera,  however,  is  an  example  of  a  disease  which  runs 
or  may  run  its  course  without  any  "  fever,"  that  is,  without  a  rise  of  tempera* 
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ture,  find  still  in  all  otlier  respects  exactly  agrees  with  the  febrile  infections. 
The  degenerative  processes  in  the  parenchyma  cells,  esi>eciiilly,  are  present. 
The  alhuminous  and  fatty  degenerations  of  the  heiirtrmusclo  and  liver  may 
even  be  very  distinctly  marked.  The  non-febrile  intoxications  with  chemical 
poisons  fire  similfir  in  their  course.  It  has  thus  been  shown,  however.,  that  the 
intimate  connection  of  the  various  symptoms  of  fever  has  been  broken  up. 
Experience  shows  that  fever  cannot  be  defined  as  a  scries  of  symptoms,  but  as 
a  generai  disturbance  of  mdabolis)n  thi^  to  infection  or  inhximtion  which  cavsf^  a  rise 
of  the  UmptTfUnre  mfkin  ffie  hotly.  This  definition  would  obviate  confusion  with 
those  rises  of  temperature  which  are  due  to  active  muscular  exercise, 
although  these  are  also  accompanied  by  increased  frequency  of  pulse  and 
reHpiration  and  increase  of  metabolism.  It  would  also  exclude  the  rise  of 
temperature  due  to  a  heightened  temperature  in  the  surrounding  media, 
which,  under  certain  circumstances,  may  give  rise  to  degenerative  processes  in 
the  parenchymal  tissues.  It  will  have  to  bo  borne  in  mind  during  future 
investigations  that  many  infective  and  toxic  genei-al  diseases  which  run  their 
coui*se  without  rise  of  temperature  are  the  result  of  disturbances  of  metabolism 
similar  to  the  prcKiesses  in  pyrexia. 

Chrmir  general  diseases  are  distinguished,  like  all  chronic  diseases,  by  their 
long  duration,  extending  sometimes  over  many  years.  They  may  originate  in 
acute  diseases  or  be  chronic  from  the  first.  As  a  rule,  they  run  their  course 
%vithout  rise  of  temi^erature.  Not  infrequently,  however,  pjTcxial  periods 
alternate  with  apyrexial  periods,  in  which  case  there  are  either  acute  exacer- 
bations of  the  chronic  disease  or  intcrctirrent  acute  complications.  Some  of 
these  chronic  general  diseases,  many  chronic  infections  and  intoxications  for 
inatjince,  have  had  their  causation  more  or  less  clearly  ex-plained,  so  that  the 
histological  and  clinical  changes  they  produce  are  explicable.  Others,  such  as 
the  constitutional  diseases,  chlorosis,  Icuksrmiii,  rachitis,  osteomalacia,  obesity, 
gout  and  dialietes,  are  peculiar,  in  that  they  represent  disturljancea  of  meta- 
l>olism  whose  etiology  is  unknown.  The  jmthological  conditions  to  which  aU 
these  chronic  general  diseases  give  rise  are  too  niunerous  to  be  descril)ed  here. 
Two  of  the  characteristic  appearances  only  which  are  very  common,  marasmus 
and  cachexia,  must  be  briefly  mentioned.  These  conditions  certainly  have  not 
been  clearly  distinguished,  as  a  rule,  in  recent  times.  It  seems  desirable, 
however,  to  explain  the  idea  which  will  bo  associated  ^rith  these  expressions  in 
this  text-book.  As  a  physiological  example  of  fnarasrmis  we  may  tjike  senile 
marasmus.  This  is  pathologicjil  when  it  appears  early  in  life.  It  is  distin- 
guished by  a  general  loss  of  weight  which  coiresponds  to  a  loss  of  weight  and 
volume  in  each  organ.  The  diminution  of  weight  and  vohune  in  the  body 
does  not  affect  all  the  structural  elements  equally,  however.  //  w  tho.tf  flenimis 
of  the  tissue  whi^h  cmry  cm  the  special  function  which  utrophi/  to  (h^  </n?a/A<rf  rsimL 
In  marasmic  atrophy  of  the  liver,  for  instance,  the  liver  cells  are  observotl  to 
undergo  the  greatest  atnount  of  atrophy,  while  the  connective  tissue  and  blood- 
vessels  are  comparatively  little  alVected.  In  the  kidney  it  is  the  secreting 
epithelial  cells,  in  the  heart  the  muscle  fibres,  in  the  spleen  the  pulp  cells,  in 
the  subcutaneous  tissue  the  fat  cells  that  chiefly  atrophy.  This  selection  of 
the  tissue  elements  which  carry  on  the  function  is  not  luiiversal  in  marasmic 
atrophy.  In  the  lungs  not  only  does  the  stroma  of  connective  tissue  and 
elastic  Hbres  atrophy,  but  also  the  blood-vessels  and  epithelial  lining  of  the 
alveoli.  In  the  bones  the  lamelhi?  disappear.  The  skin  becomes  thinner  and 
loses  its  tension,  while  the  epidermis  becomes  dry  and  cracked  and  separates 
in  fine  scales.      The  brain  diminishes  also,   and  the  space  formed   is  filled 
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phy  of  the  skull  or  by  accumulation  of  fluid  in  the 
pia-arachnoid.  The  iippenrance  of  simple  atrophy  without  degenerative 
proceases  in  the  organs  is  characteristic  of  pure  marasmus,  as  it  occurs  early 
and  well-marked  in  chronic  mental  derangements. 

Cachcxut,  on  the  other  hand,  is  characteristic  of  chronic  degenerations  of 
the  organs.  In  this  condition  there  is  albuminous  and  fatty  degeneration 
of  the  liver,  kidneys,  hearl-muscle,  etc.,  sometimes  associated  with  the  occur- 
rence of  widespr&id  amyloid  degeneration.  The  fatty  tissue  disappears ;  the 
epidermis  is  not  dry  and  desquamating  as  in  marasmic  conditions,  however, 
but  is  smooth  and  moist.  The  skin  appears  pale  and  anaemic,  provided  there 
is  no  venous  congestion  present  which  might  gi\'e  rise  to  cyanosis.  Oligo- 
cythunnia  nibra  and  leucocytosis  are  frequently  present  at  the  same  time.  The 
composition  of  the  blood  is  altered  therefore,  and,  as  in  many  pyrexial 
infections,  the  altered  character  of  the  bloofl  may  cause  abnormal  perine^ibility 
of  the  capillary  walls,  which  may  produce  extensive  cedcnuis  or  multiple 
capillary  hasmorrhages.  As  a  rule,  too,  the  weight  of  the  organs  and  of  the 
whole  body  is  diminished  in  cachectic  conditions.  From  these  facts  we  learn 
that  cachexia  is  also  a  genera!  disturljanco  of  metiibolism,  which,  apart  from 
its  chronic  course  and  the  absence  of  heightened  temiwraturc,  shows  many 
features  resembling  those  of  pyrexial  disturKiuces  of  metabolism.  Advanced 
age  protects  just  as  little  from  cachexia  as  from  fever,  and  senile  marasmus, 
like  pathological  premature  marasmus,  is  often  combined  wnth  cachexia. 
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Plate  I 

Fig.  o.  Capillaries  in  the  newly  exposed  mesentery  of  the  living  dog.  x  840.  The  blood-stream 
is  divided  into  a  red  axial  stream  surrounded  by  a  colourless  marginal  stream  con- 
taining no  cells.  The  red  axial  stream  is  homogeneous  and  transparent,  since  the 
separate  corpuscles  cannot  be  distinguished  because  of  the  rapidity  with  which  the 
stream  is  flowing.  The  slight  vibration  in  the  margins  of  the  red  axial  stream  and 
the  occasional  variation  in  the  intensity  of  the  red  colour  cannot  be  represented  in 
the  illustration.  Both  these  phenomena  may  be  explained  by  the  variations  in  the 
amount  of  cells  contained  in  the  blood. 

Fio.  h.  Blood-stream  in  a  small  vein  of  the  mesentery  of  a  living  dog  about  half  an  hour  after 
the  abdomijial  cavity  was  opened.  The  meserUery  has  been  irrigated  with  a  %  per  cent 
salt  solution,  x  340.  The  blood  has  again  become  so  slowed  after  the  preliminaiy 
acceleration  that  the  individual  red  corpuscles  can  be  made  out.  At  the  same  time, 
the  white  corpuscles  collect  in  the  marginal  stream  and  emigrate,  and  at  one  point 
some  red  corpuscles  have  passed  through  the  vessel  wall  into  the  tissues. 

Fio.  c.  Circulatory  reaction  after  injury  in  the  tongue  of  a  living  frog.  The  tongue  has  been 
stretched  on  the  slide  hut  is  othencise  uninjured.  A  small  vein,  x  800.  Tlie  red  axial 
stream  is  slowed  so  that  the  individual  red  corpuscles  can  be  distinguished.  In  the 
marginal  stream  there  is  a  dense  array  of  white  cells  which  are  beginning  to 
emigrate.    Drawn  fifteen  minutes  after  the  tongue  had  been  stretched  out. 

Fio.  d.  The  same  part  as  Fig.  c,  three  hours  later.  The  red  axial  stream  is  again  very  rapid,  so 
that  the  individual  corpuscles  can  hardly  be  made  out.  The  marginal  arrangement 
of  the  leucocytes  has  accordingly  disappeared,  while  many  white  and  red  cells  are 
still  seen  making  their  way  through  the  vessel  wall,    x  800. 

FUte  n 

Fio.  a.  Staphylococcus  pyogenes  aureus^  and  pus  cells  from  a  furuncle.  By  Koch's  method  of 
plate  culture  it  was  proved  that  when  the  furuncle  was  opened  the  pus  contained 
only  this  one  form  of  micro-organism,    x  900. 

Fig.  h.  Streptococcus  pyogenes  (pure  culture).  From  the  purulent  contents  of  the  left  knee-joint 
after  primary  suppuration  of  the  middle  ear  and  thrombosis  of  the  sinuses,     x  1500. 

Fig.  c.  Diplococcus  goiwrrhcece.  From  purulent  secretion  from  the  urethra  in  a  case  of  virulent 
gonorrhcea.     Two  pus  cells  containing  diplococci  and  free  diplococci.     Stained  with 

fuchsiu.    x  2400. 

Fig.  d.  DiplocfKcus  pncuinonioc.  From  the  exudation  into  the  alveoli  in  croupous  pneumonia. 
Stained  with  aniline-water,  gentian-violet,     x  2000. 

Fig.  c.  Pficuiiwbacillns  Fricdldnderi.  From  the  sputum  in  croupous  pneumonia.  Stained  with 
aniline-water,  gentian-violet     x  2000. 
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Plate  m 

Fio.  a.  Baeillus  emphyaemcUis  maligni.  From  the  capillaries  of  the  haman  liver.  Stained  with 
methylene-blue.    x  1000. 

Fio.  b.  Section  through  the  centre  of  an  arUhrax  pustule  in  human  akin.  Stained  with 
methylene-blne.  In  the  rete  Malpighi  there  is  a  small  pustule  filled  with  clear  fluid. 
Immediately  below  is  the  necrosed  papillary  layer  of  the  skin,  showing  numerous 
congested  capillaries.  Deeper  still  is  the  corium  densely  infiltrated  with  cells 
which  have  been  stained  blue,  studded  with  heemorrhages,  and  showing  sections  of 
some  large  congested  vessels,    x  20. 

Fio.  e.  Tubercle  bacilli.  From  a  cavity  in  the  lung.  Stained  with  carbolic  fuchsin,  decolorised 
with  sulphuric  acid,  and  counter -stained  with  methylene-blue.  The  bacilli  are 
red,  the  nucleus  of  the  cells  blue,    x  1500. 

Fig.  d.  Baeillus  leprce,  partly  free,  partly  enclosed  in  lepra  cells.  Stained  with  carbolic  fuchsin 
decolorised  with  sulphuric  acid,  and  counter-stained  with  methylene-blue.  From 
a  leprous  area  in  the  spleen,    x  1800. 

Plate  rv 

Fig.  o.  Spirillum  CholercR  Asiatica.  From  a  preparation  given  to  the  author  by  Professor  Koch. 
X2000. 

Fio.  b.  Spirodujetce  Obermeieri,  stained  with  methyl-violet  Three  red  blood  corpuscles 
shown  in  addition,    x  1200. 

Fio.  c  Actinomyces,  very  small,  stellate  growths  in  the  neighbourhood  of  a  large  colony. 
Stained  by  Gram's  method  in  aniline  gentian-violet,    x  1000. 

Fio.  d.  Single  threads  from  a  large  colony  of  actinomyces.     Same  stain,    x  1600. 

Fio.  e.  Colony  of  actinomyces.    Same  stain,    x  1000. 

Fio.  /.  Red  corpuscles  containing  Plasmodium  malarice.  Nos.  2-10  drawn  from  a  preparation 
by  Romanowsky.  Nos.  1  and  11-14  copied  from  drawings  by  Romanowsky. 
Stained  with  methylene-blue  and  eosin.    x  1500. 


INDEX 


Abrachius,  221 
Abrm,  44 
Abscess,  840 

metastatic,  Sll 
Acanthocephali,  165 
Acardiacus  acephalus,  186 

acormos,  185 

amorphus,  185 

ance^,  186 

epignathus,  186 
Acarus  follicalorum,  166 

acabiei,  166 
Achorion  Scbonleini,  124 
Acids,  action  of,  39 
Acrania,  211 
Acromegaly,  199 
Actinomyces,  119 
Addison's  disease,  439 
Adeno-carcinoma,  597 
Adeno-cystoma,  572 
AdenO'Sarcoma,  6 
Adenoma,  566 

umbilicale,  203 
Adiposity,  423 
^robic  schizomycetes,  64 
Agnathia,  201 

Albuminous  degeneration,  409 
Alkalies,  action  of,  40 
Alkaloids,  cadaveric,  49 
Alveolar  sarcoma,  584,  587,  608 
Amelus,  221 
Ammonia,  action  of,  40 
Amceha  coli,  130 
Amphistoma,  156 
Amputation  neuroma,  563 
Amyloid  bodies,  397 
Ansemia,  cerebral,  239 

f;eneral,  257 
ocal,  296 

pernicious,  259 
Anserobic  schizomycetes,  64 
Anasarca,  352 
Anencephalia,  211 
Angioma,  552 
Angio-sarcoma,  584 
Angio-sclerosis,  247 
Anguillula,  159 
Anhydrsemia,  250 
Anthracosis,  441 
Anthrax,  86 

symptomatic,  85 
Aplasia,  441 
Apparent  death,  370 
Apus,  221 
Arachnoidea,  165 
Argyria,  442 
Arhinencephalus,  218 


Arsenic,  poisoning  by,  44 
Arseniuretted  hydrogen,  action  of,  41 
Arterial  branching,  equal,  273 

homonomous,  276 

heteronomous,  276 
Arterioliths,  404 
Arteriosclerosis,  247. 
Arthrospores,  61 
Ascaris  lumbricoides,  156 

mystaz,  157 
Ascites,  352 

chylous,  366 
Ascococcus,  58 
Aspergillus,  126 
Atheroma,  398 
Atresia  ani,  206 
Atrophy,  444 

Atropine  sulphate,  action  of,  39 
Attenuation  of  yirus,  55 
Auricular  appendages,  202 
Axial  stream,  272 

Bacillus,  58 

anthracis,  86 

carbunculi  symptomatici,  85 

diphtheriae,  92 

emphysematis  maligni,  84 

FriedlJinderi,  93 

leprae,  107 

mallei,  90 

oedematis  maligni,  84 

of  typhoid,  91 

rhinoscleromatis,  112 

subtilis,  72,  89 

tetani,  85 

tuberculosis,  91 

xerosis,  113 
Bacteria,  58 
Balantidium  coli,  139 
Barium,  poisoning  by,  44 
Bed-sores,  242 
Bilharzia  hsematobia,  155 
Black-leg,  85 

Bladder,  papilloma  of,  204,  564 
Blastomycetes,  121 
Bleeders,  169 
Blood,  formation  of,  468 

cells,  red,  origin  of,  467 
white,  255 

coagulation  of,  278 

composition  of,  263 

in  hemorrhage,  362 

pigment,  432 

platelets,  255 
enumeration  of,  256 

pressure,  228 

vessels,  new  formation  of,  471 
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Bone,  new  formation  of,  497 

absorption,  498 
Borax,  poisoning  by,  43 
Bothriocephalus  latos,  149 

cordatus,  150 
Brain  sand,  404 

white  softening  of,  809 
Branchial  cysts,  202 

fistula,  201 
Brood  capsules,  145 

Caohexla.,  615 
Cadaverin,  75 
Calcareous  nietastasis,  400 
Calcification,  899 
Calculi,  biliary,  404 

vesical,  406 
Callus,  498 
Cancer,  592 
Cancroid,  608 
Cantharides,  action  of,  40 
Capillaries,  development  of,  263 

new  formation  of,  471 
Carbolic  acid,  action  of,  41 
Carbonic  bi-sulphide,  poisoning  by,  43 

oxide,  poisoning  by,  43 

oi^sulphide,  43 
Carcinoma,  592 

coccidia  in,  135 

cylindrical-celled,  605 

gelatinous,  603 

medullary,  602 

papillary,  602 

scirrhous,  602 
Caro  luxurians,  491 
Cartilage,  metaplasia  of,  497 

new  formation  of,  495 
Caseation,  380 
Catarrh,  366 

desquamative,  857 

mucous,  357 

putrid,  357 
Cell-budding.  451 
Cells  containing  blood  corpuscles,  435 

division  of,  451 

epithelioid,  98,  480 

fatty  granular,  424 

giant,  98 
Cercaria,  152 

Cercomonas  intestinalis,  138 
Cerebral  ansemia,  239,  299 
Cestoda,  189 
Chancre,  102 
Chemotaxis,  336 
Chionyphe  Carteri,  125 
Chloroform,  action  of,  41 
Cholera,  113 

red,  715 
Cholesteatoma,  578 
Cholesterin,  398 
Chondroma,  544 
Chondro-sarcoraa,  582 
Chylous  hydrothorax,  366 
Chyluria,  163 
Cicatrix,  490 
Cladothrix,  59 
Cleft-palate,  201 
Club-foot,  223 
Club-hand,  223 


Cloudy  swelling,  409 
Coccidia  of  carcinoma,  135 
Coccidium  mollusd,  133 

oviforme,  131 

perforans,  133 
Collateral  circulation,  808 
Colour  blindness,  172 
Concretions,  404 
Condyloma  latum,  105 

acuminatum,  564 
Congestion,  arterial,  319 

general,  242 

local,  312 
Congestive  oedema,  346 
Connective  tissue,  new  formation  of,  478 
Corpora  amylacea,  397 
Craniopagus,  186 
Cranioracnischisis,  207 
Cranioschisis,  211 
Croton  oil,  action  of,  40 
Croup,  858 
Cyclamin,  41,  43,  54 
Cyclencephalus,  218 
Cyclopia,  218 

Cyclops,  host  of  guinea-worm,  144 
Cylindroma,  590 
Cyst,  formation  of,  515 
Cysticercus  cellulosee,  141 

racemosus,  142 
Cystoma,  570 
Cysto-carcinoma,  598 
Cysts,  dermoid,  576 

sebaceous,  577 

Daltonism,  172 

Daughter  cysts,  145 

Death,  369 

Decubitus,  242 

Degeneration,  albuminous,  409 

amyloid  or  waxy,  392 

atheromatous,  398 

calcareous,  399 

colloid,  387 

fatty,  409 

lardaceous,  398 

mucoid,  391 

of  nerves,  504 

simple  hyaline,  884 

wax-like  or  vitreous,  888 
Demarcation,  line  of,  498 
Demodex  folliculorum,  166 
Dermoid  tumours,  576 
Desquamative  catarrh,  357 
Deviations,  individual,  4 
Diabetes  insipidus,  171 
Diapedesis,  25,  324 
Dlcephalus,  191 

Dififusion  through  vessel  wall,  263 
Diphtheria,  359 
Diplococcus,  58 

gonorrhoese,  81 

pneumonisE,  81 
Diprosopus,  191 
Dipygus,  192 
Distoma  conjunctum,  153 

hsematobium,  155 

hepaticum,  150 

heterophyes,  153 

lanceolatum,  153 
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Distoma  oplithaiiuobiuQ],  154 

FttiLs  jmpyTttceufi,  184 

^^1 

pulmonale,  154 

Muiguiuolentus,  184 

^^^^^H 

rathouisi,  152 

Fragmentation  of  uuolcUii,  455 

^^^^^H 

spathuhtiim,  153 

Functional  hypertrophy,  448 

^^^^^1 

Diverticulum,  Mfickeli,  208 

Fungi,  t'lasssitication  of,  58,  121 

^^^^^H 

Dog-tick,  168 

^^^^H 

Double  monsters,  176 

Gall-stonks,  404 

^^^1 

Duplicitiis  axialis,  177 

Gangrene,  372 

^^H 

Dust,  inhalation  of,  441 

Gas  gangrene,  84 

Giant  cells  in  granulations,  480 

^^H 

Dwarf  growth,  198 

^^^^H 

in  tuhenjle,  98 

^^^^^M 

Ear,,  mould'fungi  in,  126 

Giant  growth,  198 

^^^^H 

^m       Ecehoudrosis,  544 

Glanders,  IK) 

^^^^^^^M 

^^B      Bochyxnoses,  324,  362 

Glioma,  549 

^^^^^^H 

^V      EohinocoocuB,  tenia,  U4 

Glycogen,  426 

^^^^^^H 

cysts,  144 

Gonoi:OCCU8,  81 

^^^^^^^H 

gmnnlostifl,  144 
kydntidoHUs,  145 

Gonorrhoea;,  81 

-^^^^^^^H 

Gout,  402 

^^^^^M 

mnltilocularis,  146 

Granulation  tissue,  485 

^^^^^H 

scoLicipariens,  144 
Echinornynchiu,  165 

Growth,  nrrest  or  limitation  of,  461 

_^^^^^^M 

(Juiaea-worm,  166 

^^^^^^H 

Ectopia  cordis^  202 

Gumma,  105 

^^^^^^1 

vesicte,  204 

^^^^^^H 

Egyptian  chlorosiB,  158 
Efepba.ntiiL8iH,  538 
Emlxjltsm,  291 

E MM AVaiOMAy  552 

^^^^H 

HflanAtob]aiit.s,  470 

^^^^^H 

Hsmato^ouoiis  ]>igmentation,  316 

^^^^H 

crossed,  293 

Hffimatoidin,  432 

^^^^^1 

of  Bnpcrior  mesenteric  artery,  809 

HtemAtoma,  362 

^^^^^M 

retrograde,  293,  316 

Ha^rnaluria  due  to  Bilharzia,  155 

^^^^^H 

Emigration  of  leucocytes,  21,  24,  328 

filaritt,  lO 

^^H 

Encejihalocele,  215 

Hffimocvtometer,  253 
HaemodyuHmic  prusaure,  280 
Baumoglotnuuria,  846 

^^H 

EnL-ephalonieningocele,  215 

^^M 

Encliondronia,  545 

^^^^ 

End  arteries,  805 

Hffitnorrha^c  infarct,  310 

^^^^^M 

Endothelioma,  588 

mole,  Itiii 

^^^^H 

Enzymes,  8,  75 

Hwuioi^ideriu,  432 

^^^^^H 

Epignathus,  189 

Hroraostatic  pressure,  228 

^^^^^1 

Episiiadias,  205 

Hay  baoilluH,  72,  89 

J^^^^^M 

Epitlielial  tunmurs,  592 

Healing  of  wounds,  483 

^^^^H 

Epithelioid  cells,  98,  480 

Heart,  insutlicieDcy  of,  236 

^^^^^H 

Epithelioma,  squamous,  598 

Helvellaic  acid,  action  of,  41 

^^^^H 

Equivalent  ramiiication,  277 

Hemicepbalia,  211 

^^^^^H 

Erysipelas,  micrococci  in,  76 

Kemicrania,  321 
Heredity,  9,  169 

^^1 

Facial  clefts,  200 

Hcrmaphrodism,  206 

^^^^H 

Fades  hipijocratica,  241 
False  memorane,  358 

Hernia  cert-bri,  216 

^^^^^H 

umbilical,  203 

^^^^^H 

Farcy,  90 

Hiato-raechanjsm,  265 

^^^^H 

Fat  embolus,  294 

Hyaline  degeneration,  383 

^^H 

new  formation  of,  494 

tuhe-castJS,  386 

^^^^^H 

Fatty  degeneration,  401 

Hydatid  cysts,  145 

^^^^H 

granular  cells,  424 

mole,  195 

^^^^^H 

infiltration,  418 

Hydnemia,  249 

^^^^^H 

Ferments,  7,  49 

Eydr&mnios,  182 

^^^^^1 

Fermentation,  theories  of,  48,  49 

Hydrocephalas,  216 

^^^^^M 

Fever,  610 

HydroraierenceithaluB,  219 

^^^^^H 

Fibrin,  278 

Hydromyvlocele,  2U 

^^^^^H 

Fibrobksts,  480 

Hydropisrirardium,  352 

^^^^H 

Fibroma,  583 

Hydrothorax,  352,  366 

^^^^H 

Fibro-sarcoma,  582 

HypalbnminoMLs,  250 

^^^^^H 

FilariA  Bancroft,  162 

Hypersemia,  arterial,  319 

^^^^^H 

loa,  165 

general,  242 
local,  319 

^^^^^H 

medinensis,  163 

^^^^^M 

Filtration  through  the  vessel  wall,  262 

venotu,  242 

^^^^H 

Fiaeion-fiingi,  58 
Fiasura  abdominis,  204 

Hyperalbuminosis,  250 

^^^^^1 

Hyperinosis,  250 

^^^^^1 

Btemi,  202 

Hyperplaaia,  448 

^^^^^M 

Fleshy  mole,  196 

Fcetai  circulation,  closing  of,  300 

Hyjjtertrophy,  448 

^^^^^H 

Hyphomycetes,  121 

J 
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Hypinosis,  260 
Hypoplasia,  444 
Hypospadias,  206 
Hypostasis,  237 

ICTBBUS  neonatorum,  430 

obstructiye,  41,  430 

toxic,  429 
Immunity,  9,  61 
Inclusions,  foetal,  190 
Infarct,  hsemorrhagic,  310 

of  kidney,  308 

of  spleen,  307 

pale,  310 

uric  acid,  403 
Infection,  7,  47 
Infiltration,  calcareous,  418 

fatty,  418 

Glycogen,  426 
Infusoria,  138 
Injecting  apparatus,  848 
Injury,  7,  16 
Insecta,  166 
Intentio  prima,  483 

secunda,  483 
Intoxication,  7,  36 
Inrersio  vesicae,  204 
Isohsemia,  296 
Ischiopagus,  186 
Itch  mite,  166 
Ixodes  ridnus,  168 

Janvs,  Janiceps,  192 
Jaundice,  see  Ictenut 

Eartokikesis,  462 

Keloid,  640 

Kidney,  adeno-cystoma  of,  676 

Labdaoeous  degeneration,  392 
Lead-poisoning,  44 
Leiomyoma,  669 
Leprosy,  107 
Leptothrix,  69 
Leptothrix  buccalis,  118 
Leptus  autumnalis,  167 
Leucocytes,  456 

emigration  of,  328 

marginal  arrangement  of,  21,  330 
Leucocytosis,  269 
Leukeemia,  269 
Ligature  of  vessels,  289 
Lip,  fissure  of,  201 
Lipoma,  641 
Lipomatosis,  418 
Lithopedion,  402 
Lues,  101 
Lupus,  99 

Lymphangioma,  "567 
Lymph  fistula,  366 
Lymphorrhagia,  366 
Lympho-sarcoma,  685 

SlAcnocYTEs,  259 
Madura  disease,  125 
Malaria,  136 
Malfonnatious,  174 
Malleus,  90 


Marasmus,  614 

Marginal  arrangement  of  lencoc3rtes,  21,  330 

stream  in  vessels,  272 
Maxilla,  inferior  cleft  of,  201 
Mechanotropia,  336 
Melantemia,  61,  437 
Melanin,  137 
Melano-fibroma,  640 
Melanotic  sarcoma,  440 
Melanuria,  440,  690 
Meningocele,  210,  216 
Merismopoedia,  68 
Metaplasia,  466 
Metastasis  in  cancer,  629 
Metbsemoglobinuria,  51,  346 
Micrencephalus,  219 
Micrococcus,  68 
Microcytes,  269 
Microsomia,  199 
Microsporon  furfur,  124 
Mixed  infection,  66 
Mole,  fleshy,  196 

hsemorrhagic,  196 

hydatid,  196 
Moles,  196 

MoUuscum  fibrosum,  638 
Monobrachius,  221 
Monopus,  221 
Monostoma  lentis,  166 
Monsters,  double,  176 

single,  104 
Mosquitoes,  host  of  filaria,  168 
Mould  fungi,  121 
Mucoid  degeneration,  391 

tissue,  new  formation  of,  496 
metaplasia  of,  496 
Multiplication  of  cells,  460 
Mimimification,  372 
Muscarin,  action  of,  43 
Muscle,  new  formation  of,  501 
Myelocystocele,  211 
Myelomeningocele,  209 
Myoma,  659 
Myo-sarcoma,  585 
Myxoma,  642 

chorii  racemosum,  196 
Myxo-sarcoma,  682 

NiBVUs,  689 

Nanosomia,  199 

Xaphtbalin,  64 

Necrosis,  369 

Nematoda,  156 

Neoplasia,  450 

Nerves,  new  formation  of,  604 

regeneration  of,  506 
Neuro-fibroma,  536 
Neuroma,  562,  563 
New  formation,  autonomous,  522 

of  blood,  467 

of  blood-vessels,  471 

of  bone,  407 

of  cartilage,  478 

of  connective  tissue,  47S 

of  epitlielium,  464 

of  fatty  tissue,  494 

of  mucoid  tissue,  495 

of  musch',  501 

of  nervous  tissue,  504 
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Nitrites,  poisoning  by,  44 
Normal,  4 
Notencephalus,  216 
Nucleus,  direct  division,  451 

fragmentation,  454 

indirect  division,  462 

segmentation,  458 

Obesity,  423 
Ochronosis,  437 
(Edema,  346 

malignant,  bacillus  of,  84 
Oidium  albicans,  122 
Oligsemia,  249 
Oligocythremia,  249 
Organisation  of  thrombus,  288,  479 
Organoid  tumour,  533 
Osteoid  tumour,  549 

sarcoma,  582 
Osteoma,  547 
Osteo-sarcoma,  582 
Ovary,  glandular  proliferous  cyst  of,  573 

papillary  proliferous  cyst  of,  573 
Oxyuris  vermicularis,  157 

Paohyacria,  199 
Papilloma,  564 
Paramsecium  coli,  173 
Paraphenylendiamin,  43 
Parasites,  47 
Parasitism,  121 
Pearly  tumour,  578 
Pediculi,  168 
Pentastoma,  165 
Perithelial  sarcoma,  584 
Perobrachius,  221 
Perodactylus,  221 
Peromelus,  221 
Peropus,  221 
Petechiee,  324,  362 
Petrification,  399 
Phagocytosis,  55 
Pharyngeal  polypi,  202 
Phleboliths,  289,  404 
Phlebosclerosis,  247 
Phocomelus,  221 
Phosphorus,  43,  45 
Pigmentary  atrophy,  444 
Pigmentation,  428 

autochthonous,  428,  438 

hobmatogenous,  432 

imported,  433 
Pityriasis  versicolor,  124 
Placental  polypi,  196 
Plasmodium  malarise,  136 
Plethora,  250 

Pneumobacillus  Friedlanderi,  93 
Poikilocytosis,  259 
Poly«emia,  250 
Polycythsemia,  250 
Polydactylus,  220 
Polyuria,  171 

Portal  vein,  occlusion  of,  318 
Potassium  iodide,  poisoning  by,  43 
Predisposition,  14 
Proglottis,  140 
Prostate,  concretions  of,  397 

myoma  of,  661 
Protozoa,  129 


Psammo-fibroma,  540 
Psammoma,  404 

Pseudo-hypertrophy  of  muscles,  424 
Pseudo-melanosis,  437 
Psorosperms,  130 
Pulex  irritans,  168 
Pure  cultures",  69 
Purulent  catarrh,  357 
Pus,  74 

•forming  organisms,  75 
Putrefaction,  62 
Putrid  catarrh,  357 

poison,  49 
Pyaemia,  78 
Pygopagus,  191 
Pyogenic  membrane,  342 

QiTiLLAiAC  acid,  action  of,  41,  43 

Rachischisis,  207 
Rag-pickers'  disease,  89 
Ray  fungus,  119 
Redise,  151 
Regeneration,  32,  457 

of  the  blood,  467 
Relapsing  fever,  117 
Retinitis  pigmentosa,  172 
Reverdin's  skin-grafting,  460 
Rhabdomyoma,  559 
Rhabdomyosarcoma,  559 
Rhabdonema  strongyloides,  159 
Rhizopoda,  130 
Ricin,  44 

Robiuia  pseudacacia,  43 
Rodent  ulcer,  600 
Round-celled  carcinoma,  601 

sarcoma,  586,  587 
Round  worm,  156 

Saccharomyoes  cerevisise,  122 
Sacral  teratoma,  189 
Sapotoxin,  43 
Sarcina  ventriculi,  83 

ureffi,  84 
Sarcoma,  580 

flat-celled,  588 

giant-celled,  590 

melanotic,  589 

round-celled,  586 

spindle-celled,  586 
Sarcoptes  scabiei,  166 
Schizomycetes,  58 

culture  of,  69 

demonstration  of,  65 
Schweninger's  skin-grafting,  459 
Scirrhus,  603 
Scolex,  140 
Seat  worm,  157 
Segmentation  of  nucleus,  453 
Sepsin,  sulphate  of,  49 
Septicaemia,  78 
Serous  catarrh,  357 

exudation,  355 
Siamese  twins,  186 
Siderosis,  442 
Single  monsters,  194 
Siren  formation,  221 
Situs  inversus,  200 
Skin-grafting,  459 
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Snake  iK>ison,  42 

Sodium  chloride,  action  of,  39 

Softening  of  brain,  309 

white,  310 
Spallanzani'a  law,  48 
Spina  bifida,  209 
Spirillum,  59 

cholera,  118 
Spiro-bacterium,  59  . 

Spirochtetc  Obermeieri,  117 
Spore  formation,  61 
Sporocysts,  181 
Sporozoa,  131 

Squamous-celled  cancer,  598 
Staphylococcus,  58 

pyogenes,  75 
Stasis,  822 
Stemopagus,  186 
Streptococcus,  58 

erysiiielatis,  76 

pyogenes,  75 
StrobiJa,  189 

Strongj^lus  longevaginatns,  159 
Suctorial  worms,  150 
Sulphuretted  hydrogen,  poisoning  by,  43 
Sulphuric  acid,  action  of,  89 
Suppuration,  339 
Symbiosis,  121 
Symelia,  221 
Symptomatic  antlurax,  85 
Sympus,  221 
Synophthalmia,  218 
Synotia,  201 
Syphilis,  101 
Sy|»hiloma,  105 
Syringomyelocele,  211 

TfNiA  acanthotrias,  144 

cucumerina,  148 

echinococcus,  144 

flavo- punctata,  148 

Madagascariensis,  148 

mcdiocanellata  aivc  sagiuata,  143 

nana,  147 

saginata,  143 

Molium,  189 
Talii>e8,  223 
TalipomauuK,  223 
Telcangiexitasis,  552 
Tension  of  vessel  walls,  231 
Teratoma,  188,  189,  577 
Thoracoiwtgus,  186 
Thread-worms,  166 
Thrombosis,  278 
Thrombus,  calcification  of,  289 

connective  tissue,  substitution  of,  205 

granular  hyaline  change  in,  289 

jiuriform  softening  of,  290 
Thrush,  122 
Tinea  favosa,  124 
Tox-albumen,  62 


Toxic  enzyme,  62 
Tracheal  fistula,  202 
Transplantation  of  tissue,  459 
Transpositio  viscerum,  200 
Transudation,  263,  844 
Trauma,  7,  16 
Trematoda,  150 
Trichina  spiralis,  161 
Trichocepnalus  diBpar,  160 
Trichomonas  intestinalis,  189 
Tricophyton  tonsurans,  125 
Triplets,  194 
Triplicitas  axialis,  194 
Tubercle  miliary,  97 
Tubercula  dolorosa,  561,  563 
Tuberculosis,  94 
Tumours,  622 

cellular,  580 

classification,  631 

etiology,  623 

external  appearances,  527 

malignancy  of,  526 

metastases  of,  628 

organoid,  633 
Twins,  177 
Typhoid  bacillus,  91 

Ulcer,  17 

of  chondroma,  547 
Urachus,  cysts  of,  203 

liatens,  203 

Vakiations,  individual,  3 
Vascular  interuode,  272 

tonus,  232 
Venous  congestion,  local,  312 
Vermes,  139 
Vesical  calculi,  406 
Vibrio,  59 

Viscera,  transjiosition  of,  200 
Vitreous  degeneration,  388 
Vivianite,  437 

Warts,  639 

Wax-like  degeneration  of  muscle,  388 

Waxy  degeneration,  392 

Whii>-worm,  160 

Wool-sorters'  disease,  89 

Work  done  by  heart,  234 

Wounds,  healing  of,  488 

Xanthelasiia,  419,  441,  640 
Xanthiu  calculus,  408 
Xiphopagus,  186 

YEAST-FrNGI,  121 
Yeasts,  122 

Zenkku's  degeneration  of  muscle,  389 
Zoogl(ba,  58,  59 
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his  best ;  he  is  so  good  from  be^nning  to  end.  The  practitioner  who  must  have  so  large  an 
opportunity  of  api^ying  the  principles  of  therapeutics  which  Dr.  Balfour  deduces  from  the 
preceding  chapters,  will  thank  him  for  the  many  practical  hints  which  he  gives  in  connection 
with  the  management  of  tlie  heart  in  ased  persons.  We  heartily  recommend  this  work,  which 
is  altogether  worthy  of  its  distinguished  Author,  and  which  ought  to  be  in  the  hands  of 
every  member  of  the  profession." — The  Practitioner. 

"The  net  result  of  his  investigations  is  to  give  increased  confidence  to  medical  men  in  the 
resources  of  their  art,  and  greater  courage  and  hope  to  all  sorts  and  conditions  of  aged  i)ersons, 
whether  their  hearts  be  sound  or  unsound." — The  Hospital. 

"Coming  from  a  master  of  the  subject,  and  containing  his  matured  experience,  the  book 
must,  on  tliat  account  alone,  have  an  exceedingly  high  value  ;  and  when,  moreover,  tht> 
knowledge  acquired  by  long  practice  and  exact  observation  is  presented  to  the  reader 
clothed  in  sound  and  vigorous  En|;li8h,  frequently  eloquent  and  at  times  pathetic,  the  mere 
perusal  of  such  a  literary  production  is  no  small  gratification  to  the  mind,  and  the  critic,  in 
such  a  presence,  can  really  do  nothing  but  acquiesce." — Edinburgh  Medical  Journal. 

"The  concluding  chapters  on  the  Therapeutics  of  the  Senile  Heart  will  well  repay  careful 
reading,  for  they  attord  valuable  hints  to  the  practitioner  as  to  how  to  diet,  exercise,  and 
physic  the  elderly  man  with  senile  heart.  The  indications  for  the  use  of  various  drugs 
reputed  to  be  cardiac  tonics  are  given  with  Avisdom  and  precision.  .  .  .  But  the  book  is  one 
that  ouglit  to  be  carefully  read  through  ;  it  is  full  of  instruction,  and  tlie  perusal  cannot  fail 
to  be  pleasant  reading." — Medical  Prcs/t. 
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PLEA   FOR 

A    SIMPLEK   LIFE 

BY 

GEORGE  S.   KEITH,  M.D.,  F.R.C.P.E. 

Crown  8w,  Cloth. 

PRESS   OPINIONS. 

"  There  is  much  sound  advice  given  in  this  little  volume  which  will  be  of  great 
service  to  both  the  healthy  and  the  unhealthy." — Dundee  Advertiser. 

"  His  opinions  may  be  read  with  advantage." — The  Times. 

"  Whatever  discussion  may  arise  over  this  book  between  the  author  and  his  fellow- 
medical  men,  the  fact  will  not  be  altered  that  there  is  much  in  it  that  ought  to  be 
carefully  considered  by  most  of  us." — The  Scotsman. 

**  Dr.  George  Keith's  closely-reasoned  and  temperately -worded  Plea  for  a  Simpler 
Life  cannot  be  dismissed  as  superfluous.  Much  of  his  advice  is  as  shrewd  as  it  is 
sound."— 1%«  Speaker. 

"  There  are  few  works  containing  more  sound  common  sense  and  good  practical 
wisdom  put  into  small  compass  as  in  this  little  book  bearing  the  above  title.  It  is 
worth  its  weight  in  gold  to  the  man  who  would  rather  go  in  for  prevention  than 
cure." — TJie  Liberal. 

"  It  is  the  old  exhortation,  plain  living  and  high  thinking.  But  it  is  more,  it 
shows  the  way  to  reach  it  It  is  indeed  a  most  earnest  yet  scientific  exposition  of  the 
evil  we  do  to  our  bodies  and  souls  and  spirits  by  mixed  dishes  and  medicines.  If  we 
would  follow  Dr.  Keith's  advice  and  take  his  prescriptions,  we  should  have  less  dys- 
pepsia and  less  atheism  amongst  us,  less  need  for  doctors  of  medicine  and  less  need  for 
doctors  of  divinity." — Expository  Times. 

"  Most  of  us,  I  suppose,  want  to  live  as  long  as  we  can,  and  to  make  our  \i\e»  as 
comfortable  as  possible.  Various  counsellors  in  all  ages  have  given  advice  with  a  view 
to  the  attainment  of  these  desirable  ideals ;  but  I  am  not  sure  that  any  one  of  them 
hits  the  nail  on  the  head  with  a  finer  precision  than  is  achieved  by  Dr.  Qeorge  S. 
Keith,  whose  Plea  for  a  Simpler  Life  is  of  sturdy  common  sense  all  compact." — The 
New  Age. 
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The  Encydopmdia  BrUawnica^  a  library  in  itself,  is  pre 
for  our  country  and  generation.  It  is  the  knowledge  of  tl 
the  essence  of  all  books  and  observations  crystallised.  It 
ready  to  answer  every  question  in  physics,  history,  polit: 
art,  and  philosophy ;  to  furnish  the  information  wanted 
sible  subject.  It  is  more  truly  one  of  the  "  necessaries  o 
the  things  to  which  that  phrase  is  commonly  applied. 

The  Encyclopa'dia  Britannka  is  not  the  product  of  irr 
but  is  the  accumulated  work  of  the  most  famous  authors 
throughout  the  world. 

"The  Encyclopaedia  Britannica  is  a  splendid  monume 
historical  method  applied  to  every  subject  of  human  im 
simple  truth  to  say  that  this  vast  store  of  knowledge 
standard  work  of  reference  for  the  English-speaking  race  i 
— Standard. 
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